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ABSTRACT: Described herein are four projects focused on the elaboration of aromatic 
1,2-azaborine core structures through late-stage functionalization strategies. In the first 
chapter, the gram scale, protecting group-free synthesis of the direct BN isostere of 
benzene is developed. This protocol is used to produce large quantities of pure 1,2-
azaborine suitable for use in fundamental investigations. Second, the first general 
solution for the functionalization of the C4, C5, and C6 ring positions of 1,2-azaborines is 
described, featuring iridium catalyzed C-H borylation as the key strategy. Azaborine 
boronates produced via this method are successfully elaborated through cross coupling 
and oxidation to access azaborines that serve as N,N-ligands for electrophilic boron 
sources. The third project is an extension of the borylation/cross coupling project, and 
introduces the first polymer consisting of repeating azaborine units that displays highly 
efficient extension of conjugation along the azaborine chain. Finally, a copper catalyzed 
radical process is developed that enables removal of azaborine boron protecting groups 
during synthetic routes to simple azaborine targets of high interest. 
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Chapter 1 
Straightforward, Gram-Scale Synthesis of BN Benzenoids  
1.1 Introduction 
 BN/CC isosterism of arenes, which is the replacement of an arene C–C double 
bond with an isosteric B–N single bond (Figure 1.1), has emerged as a viable strategy to 
increase structural diversity in chemical space.1 The chemistry of azaborines, which are 
BN congeners of benzene and other arenes, is quite young in comparison to the rich 
chemistry of their carbonaceous analogs. Since its discovery by Faraday in 1825 (Figure 
1.2),2 benzene has captured the interest of scientists as an ideal model for investigating 
the concepts of aromaticity and electron delocalization,3 and has been identified as a key 
building block in multitudes of molecules vital to life including naturally abundant amino 
acids such as phenylalanine.4  
 
 
 
 
 
 
                                                          
1 For an overview, see: (a) Fritsch, A. J.; Chem. Heterocycl. Compd. 1977, 30, 381-440; (b) Abbey, E. R.; 
Liu, S.-Y. Org. Biomol. Chem. 2013, 11, 2060-2069; (c) Liu, Z.; Marder, T. B. Angew. Chem. Int. Ed. 
2008, 47, 242-244; (d) Campbell, P. G.; Marwitz, A. J. V.; Liu, S.-Y. Angew. Chem. Int. Ed. 2012, 51, 
6074-6092. 
2 Faraday, M. Philos. Trans. R. Soc. London 1825, 115, 440-466. 
3 For reviews, see: (a) Schleyer, P. v. R. Chem. Rev. 2001, 101, 1115-1118; (b) Schleyer, P. v. R. Chem. 
Rev. 2005, 105, 3433-3435. 
4 Schulze, E.; Barbieri, J. Journal fuer Praktische Chemie (Leipzig) 1879, 27, 337-362. 
1
  
 
 
Stock and coworker isolated and characterized borazine 1.2—the purely inorganic 
isostere of benzene—a century later,5 but the direct organic/inorganic hybrid 1,2-
azaborine 1.3 remained elusive until Liu and coworkers isolated and characterized this 
fundamentally interesting molecule in 2009.6 Shortly following this report, Liu and 
coworkers reported the isolation and characterization of the first 1,3-azaborines7 
including the simplest member of this family to date, 1.4,8 and Braunschweig and 
coworkers reported the synthesis and study of the last remaining member of the set of 
BN-benzenes, 1,4-azaborine 1.5.9 A number of theoretical studies10 allow the ranking of 
the three unsubstituted azaborine isomers in terms of both thermodynamic stability and 
aromatic character (Figure 1.3). These studies are in agreement that 1,2-azaborine 1.3 is 
                                                          
5 Stock, A.; Pohland, E. Ber. Dtsch. Chem. Ges. 1926, 59, 2210-2215. 
6 Marwitz, A. J. V.; Matus, M. H.; Zakharov, L. N.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. Ed. 2009, 
48, 973-977. 
7 Xu, S.; Zakharov, L. N.; Liu, S.-Y. J. Am. Chem. Soc. 2011, 133, 20152-20155. 
8 Chrostowska, A.; Xu, S.; Lamm, A. N.; Maziere, A.; Weber, C. D.; Dargelos, A.; Baylere, P.; Graciaa, 
A.; Liu, S.-Y. J. Am. Chem. Soc. 2012, 134, 10279-10285. 
9 Braunschweig, H.; Damme, A.; Jimenez-Halla, J. O. C.; Pfaffinger, B.; Radacki, K.; Wolf, J. Angew. 
Chem. Int. Ed. 2012, 51, 10034-10037. 
10 (a) Kranz, M.; Clark, T. J. Org. Chem. 1992, 57, 5492-5500; (b) Matus, M. H.; Liu, S.-Y.; Dixon, D. A. 
J. Phys. Chem. A. 2010, 114, 2644-2654; (c) Xu, S.; Mikulas, T. C.; Zakharov, L. N.; Dixon, D. A.; Liu, S.-
Y. Angew. Chem. Int. Ed. 2013, 52, 7527-7531; (d) Baranac-Stojanovic, M. Chem. Eur. J. 2014, 20, 16558-
16565. 
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the most stable congener and 1,3-azaborine 1.7 the least, while in terms of aromatic 
character 1,3-azaborine 1.7 is the most aromatic followed by 1,2-azaborine 1.3, which 
itself is more aromatic than 1,4-azaborine 1.6. 
 
 
1,2-azaborines (hereafter abbreviated azaborines) in particular have attracted 
considerable interest in recent years as novel heteroarenes for applications in the fields of 
biomedical research and materials science.11 In contrast to the rich body of literature 
describing the synthesis and device applications of fused, polycyclic 1,2-azaborines, 
reports describing investigations of simple monocyclic azaborines are scarce (vide infra). 
A contributing factor to this situation is the challenging synthesis of monocyclic 
azaborines in contrast to the more straightforward synthetic strategies available to access 
                                                          
11 (a) Taniguchi, T.; Yamaguchi, S. Organometallics, 2010, 29, 5732-5735; (b) Marwitz, A. J. V.; Lamm, 
A. N.; Zakharov, L. N.; Vasiliu, M. Dixon, D. A.; Liu, S.-Y. Chem. Sci. 2012, 3, 825-829; (c) Knack, D. 
H.; Marshall, J. L.; Harlow, G. P.; Dudzik, A.; Szaleniec, M.; Liu, S.-Y.; Heider, J. Angew. Chem. Int. Ed. 
2013, 52, 2599-2601; (d)Rudebusch, G. E.; Zakharov, L. N.; Liu, S.-Y. Angew. Chem. Int. Ed. 2013, 52, 
9316-9319. 
3
fused azaborine motifs (Scheme 1.1 shows two illustrative examples).12 In this chapter, 
we present a straightforward, scalable synthetic strategy that allows access to BN 
benzenoids via a protecting-group free protocol that represents a considerable advance in 
the field of monocyclic azaborine synthesis. Furthermore, we describe a fluoride-ion free 
removal of the nitrogen silyl protecting group used in our previously reported route for 
azaborine synthesis facilitating access to large quantities of azaborine building blocks. 
 
1.2 Background 
1.2.1 Pioneering Work in the Field of Azaborine Chemistry 
 The field of azaborine chemistry traces its roots to early work by Dewar and 
White describing the synthesis of BN congeners of polycyclic aromatic hydrocarbons 
such as phenanthrene,13 naphthalene,14 and triphenylene,15 and the synthesis of 
monocyclic azaborines (Figure 1.4).16 Dewar demonstrated that both the external BN-
                                                          
12 (a) Marwitz, A. J. V.; Abbey, E. R.; Jenkins, J. T.; Zakharov, L. N.; Liu, S.-Y. Org. Lett. 2007, 9, 4905-
4908 (b) Wisniewski, S. R.; Guenther, C. L.; Argintaru, O. A.; Molander, G. A. J. Org. Chem. 2014, 79, 
365-378. 
13 Dewar, M. J. S.; Kubba, V. P.; Pettit, R. J. Chem. Soc. 1958, 3073-3076. 
14 (a) Dewar, M. J. S.; Dietz, R. J. Chem. Soc. 1959, 2728-2730; (b) Dewar, M. J. S.; Gleicher, G. J.; 
Robinson, B. P. J. Am. Chem. Soc. 1964, 86, 5698-5699. 
15 Davies, K. M.; Dewar, M. J. S.; Rona, P. J. Am. Chem. Soc. 1967, 89, 6294-6297. 
16 (a) Dewar, M. J. S.; Marr, P. A. J. Am. Chem. Soc. 1962, 84, 3782; (b) White, D. G. J. Am. Chem. Soc. 
1963, 85, 3634-3636. 
4
naphthalene 1.917 and the internal BN-naphthalene 1.1014a underwent electrophilic 
aromatic substitution, consistent with the proposed aromatic character of the species. 
Recognizing the potential for using BN-naphthalenes to incorporate boron into living 
systems for purposes such as neutron capture therapy, Dewar and coworkers synthesized 
water-soluble BN-naphthalenes via substitution with suitable polar groups.18 Despite the 
number of advances in azaborine chemistry stretching from the late 1950s to the late 
1960s, interest waned in the field due to the limitations that existed in the range of 
azaborines that could be prepared by the methods developed by Dewar and White. 
 
 
1.2.2 Powerful New Synthetic Methods Introduced by Ashe and Liu 
 The field of azaborine chemistry lay dormant for several decades until Ashe and 
coworkers developed two groundbreaking synthetic routes that harnessed powerful 
modern chemistry to synthesize monocyclic azaborines under much milder conditions 
than those used by Dewar and White. The first route, reported nearly four decades 
following the original synthesis of monocyclic azaborines, used ring closing metathesis 
as the key synthetic step (Scheme 1.2, eq. 1).19 In this synthesis, allyltributyltin reacted 
                                                          
17 Dewar, M. J. S.; Dietz, R. J. Org. Chem. 1961, 26, 3253-3256. 
18 Dewar, M. J. S.; Hashmall, J.; Kubba, V. P. J. Org. Chem. 1964, 29, 1755-1757. 
19 Ashe, A. J., III; Fang, X. D. Org. Lett. 2000, 2, 2089-2091. 
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with boron trichloride to generate allylborondichloride in situ, and this boron species 
reacted with ethyl allylamine 1.16 to generate the B–N product 1.17. Bisallyl 1.17 cleanly 
reacted with phenyllithium to generate the much less electrophilic 1.19, which then 
underwent ring closing metathesis to 1.21 using Grubbs 1st generation ruthenium 
catalyst.20 Final oxidation using DDQ generated the aromatic BN heterocycle 1.22, albeit 
in modest yield. The second route developed by the Ashe lab involved ring closing of a 
N-allyl, B-vinyl substrate such as 1.23 to access 5-membered rings such as 1.24 in high 
yield (Scheme 1.2, eq. 2).21 These compounds could be deprotonated to lithium 
azaborolides such as 1.25 in good yield, which then reacted with carbenes generated from 
dichloromethane to undergo ring expansion to generate azaborines in decent yield. The 
regioselectivity of attack by the carbene was proven by running the reaction with 
deuterated dichloromethane as carbene source and isolating only regioisomer 1.26. 
 
 
 
 
 
 
 
 
 
 
                                                          
20 Schwab, P.; France, M. B.; Ziller, J. W.; Grubbs, R. H. Angew. Chem. Int. Ed. Engl. 1995, 34, 2039-
2041. 
21 Ashe, A. J.; Fang, X.; Fang, X.; Kampf, J. Organometallics, 2001, 20, 5413-5418. 
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 Our group made contributions to this field beginning with our seminal report on 
the synthesis of azaborine 1.28 that carried the easily modified B–Cl moiety through the 
entire azaborine synthesis, including ring closing to form 1.27 and oxidation to form the 
aromatic final compound (Scheme 1.3, eq. 1).12a 1.28 served as a versatile intermediate 
for a variety of B-substituted azaborines and motivated us to develop synthetic protocols 
designed to grant precise control over the substituents at all ring positions around the BN 
ring. Towards this end, we introduced a synthetic protocol derived from those of Ashe 
7
and our 2007 work featuring the building block azaborine 1.33 bearing a removable silyl 
nitrogen protecting group (Scheme 1.3, eq. 2).6 Unfortunately, removal of this nitrogen 
protecting group during our synthesis of the parent azaborine 1.3 proved tedious and low-
yielding, (Scheme 1.4). These reports provided motivation for our development of a 
protecting group-free route to 1.3 and also for our development of a single-step 
deprotection strategy for 1.33, discussed in detail in section 1.3. 
 
 
 
 
 
8
  
1.2.3 Studies of 1,2-Azaborine Syntheses and Applications Since 2012 Review 
 The pace of new developments in the chemistry of polycyclic and, to a lesser 
degree, monocyclic 1,2-azaborines has increased steadily since publication of our 2012 
review1d covering progress in the field up until its release. The elegant investigations 
delving into the potential for polycyclic azaborines to find wide applications in materials 
science inspire our efforts to develop the chemistry of monocyclic azaborines so that their 
potential can be unleashed in a similar manner. 
1.2.3.1 Recent Synthetic Investigations of BN-Naphthalenes 
 A large number of routes designed to provide facile access to substituted BN-
naphthalenes have been developed during the years since the most recent review. As an 
extension of their ground-breaking work that introduced ring closing metathesis to the 
field of azaborine chemistry, the Ashe group developed a short synthesis of the internal 
9
BN-naphthalene 1.10 that also produced BN-tetralin 1.40 (Scheme 1.5).22 These 
compounds could be easily separated by gas-liquid partition chromatography. 
 
 
 Molander and coworkers made several rapid-fire contributions to the field of BN-
naphthalene chemistry in the 2014 calendar year, applying the chemistry of R-BF3K 
reagents to accomplish diverse transformations with these BN-arenes. First, Molander 
and coworkers developed a practical synthetic strategy to access substituted BN-
naphthalenes involving the reaction between ortho-vinyl anilines, commercially available 
R-BF3K salts, and SiCl4 that converted the boron reagents to a reactive boron-halide 
form23 (see Scheme 1.1, eq. 2).12b This work demonstrated the synthesis of 49 
functionalized BN-naphthalenes accessed via a single synthetic step.  
Molander and coworkers next described two routes for the functionalization of the 
3-position in BN-naphthalenes via Suzuki cross-coupling. These reports detailed the use 
of (hetero)aryl-BF3K reagents
24 and alkenyl-BF3K reagents
25 in Suzuki couplings to serve 
as reaction partners with 3-Br BN-naphthalenes generated in high yield via EAS with 
molecular bromine. Representative examples for each coupling are shown in Scheme 1.6, 
eq. 1 and eq. 2 respectively. Modifications in catalyst precursor and solvent were required 
to maximize the yields of the alkenyl-BF3K cross couplings. These reports established the 
                                                          
22 Rohr, A. D.; Kampf, J. W.; Ashe, A. J., III Organometallics 2014, 33, 1318-1321. 
23 Vedejs, E.; Chapman, R. W.; Fields, S.C.; Lin, S.; Schrimpf, M. R. J. Org. Chem. 1995, 60, 3020-3027. 
24 Molander, G. A.; Wisniewski, S. R. J. Org. Chem. 2014, 79, 6663-6678. 
25 Molander, G. A.; Wisniewski, S. R.; Etemadi-Davan, E. J. Org. Chem. 2014, 79, 11199-11204. 
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suitability for a bromination/Suzuki coupling sequence to provide access to numerous 
functionalized BN-naphthalenes using air-stable, commercially available reagents. 
 During the same time period, Molander and coworkers disclosed a related method 
to generate 3-alkyl BN-naphthalenes via reductive coupling.26 This work introduced a set 
of conditions suitable for alkylating 3-brominated BN-naphthalenes using secondary and 
primary alkyl iodides as reaction partners in the presence of a nickel-based precatalyst 
and manganese metal (Scheme 1.6, eq. 3). Through the use of this method, Molander and 
coworkers synthesized over 20 functionalized, 3-alkyl BN-naphthalenes. In two final 
reports, the Molander lab disclosed a self-arylation protocol that transferred a B-aryl 
group to the neighboring C3-position via a palladium-catalyzed reaction (Scheme 1.6, eq. 
4),27 and a versatile method to synthesize B-(CH2)-Nu BN-naphthalenes via intermediate 
1.55 (Scheme 1.6, eq. 5).28 
 
 
 
 
 
 
 
 
 
 
                                                          
26 Molander, G. A.; Wisniewski, S. R.; Traister, K. M. Org. Lett. 2014, 16, 3692-3695. 
27 Molander, G. A.; Wisniewski, S. R. J. Org. Chem. 2014, 79, 8339-8347. 
28 Molander, G. A.; Wisniewski, S. R.; Amani, J. Org. Lett. 2014, 16, 5636-5639. 
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Cross coupling reactions of the iodinated internal BN-naphthalene 1.58 have also 
been demonstrated by Fang and coworkers (Scheme 1.7).29 In addition to the Suzuki 
cross coupling shown in Scheme 1.7, they demonstrated Sonogashira and Heck couplings 
as well to access alkynyl- and alkenyl-BN naphthalenes. 
                                                          
29 Sun, F.; Lv, L.; Huang, M.; Zhou, Z.; Fang, X. Org. Lett. 2014, 16, 5024-5027. 
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Both Cui and coworkers and Liu and coworkers made exciting progress lately 
towards completing the set of 6 possible 1,2-BN-naphthalene isomers. Cui and coworkers 
reported the synthesis of a number of highly functionalized members of the previously 
unknown BN-naphthalene isomer group such as 1.63 (Scheme 1.8, eq. 1).30 While 1.63 
and similar BN-naphthalenes are suitable intermediates for the further synthesis of B-
substituted BN-naphthalenes, the synthetic method is currently limited to using starting 
materials with aryl-substituted imines that bear the neighboring tert-butyl group. Liu and 
coworkers reported the isolation and characterization of another new isomer of BN-
naphthalene, 1.72 from 1.64, following a Negishi coupling/ring 
closing/oxidation/deprotection sequence (Scheme 1.8, eq. 2).31 In this case, the synthetic 
route allowed access to the unsubstituted ‘parent’ BN-naphthalene, allowing direct 
comparison of its optoelectronic properties with those of naphthalene. 
 
 
 
 
 
                                                          
30 Liu, X.; Wu, P.; Li, J.; Cui, C. J. Org. Chem. 2015, 80, 3737-3744. 
31 Brown, A.; Li, B.; Liu, S.-Y. J. Am. Chem. Soc. 2015, 137, 8932-8935. 
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1.2.3.2 Recent Synthetic Investigations of 1,2-Azaborines in Medicinal Chemistry 
 Our group and others are moving quickly to carry out studies on the activity of 
azaborines in settings relevant to biomedical research. Liu, Heider, Szaleniec, and 
coworkers recently discovered that BN isosteres of ethylbenzene serve as inhibitors of the 
enzyme ethylbenzene dehydrogenase rather than serving as substrates in the same manner 
as ethylbenzene (Scheme 1.9, eq. 1 and 2).11c Furthermore, the authors reported 
significantly different IC50 values for the N-Et (1.75, 2.8 μM) or B-Et (1.77, 100 μM) 
isomers of BN-ethylbenzene, demonstrating the potential for different regioisomers of 
substituted azaborines to show vastly different activity in biological settings.  
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In two closely following studies, Liu and coworkers reported two rhodium 
catalyzed protocols capable of generating BN isosteres of compounds with known 
biological activity. First, the authors reported a rhodium catalyzed route to B-aryl 
azaborines32 that could be used to prepare a BN-analog of Felbinac,33 a topical 
nonsteroidal anti-inflammatory drug used to treat rheumatic pain and inflammation 
(Scheme 1.10, eq. 1). Second, Liu and coworkers reported a related rhodium catalyzed 
synthesis of BN isosteres of stilbenes34 and used this chemistry to prepare a BN analog of 
a stilbene with known biological activity (Scheme 1.10, eq. 2).35 
 
 
                                                          
32 Rudebusch, G. E.; Zakharov, L. N.; Liu, S.-Y. Angew. Chem. Int. Ed. 2013, 52, 9316-9319. 
33 Walsh, D. A.; Shamblee, D. A.; Welstead, W. J.; Sancilio, L. F.; J. Med. Chem. 1982, 25, 446-451. 
34 Brown, A. N.; Zakharov, L. N.; Mikulas, T.; Dixon, D. A.; Liu, S.-Y. Org. Lett. 2014, 16, 3340-3343. 
35 (a) Marti-Centelles, R.; Cejudo-Marin, R.; Falomir, E.; Murga, J.; Carda, M.; Marco, J. A. Bioorg. Med. 
Chem. 2013, 21, 3010-3015; (b) Roman, B. I.; DeCoen, L. M.; Mortier, T. F. C. S.; DeRyck, T.; 
Vanhoecke, B. W.; Katritzky, A. R.; Bracke, M. E.; Stevens, C. V. Bioorg. Med. Chem. 2013, 21, 5054-
5063. 
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Rombouts, Trabanco, Casado, and coworkers recently described an extension of 
Molander’s BN-naphthalene synthesis allowing a similar synthesis of BN-quinoline 
derivatives. In this report, instead of starting from vinyl anilines, the authors used 
vinylaminopyridines as starting materials to include a second nitrogen atom in the fused 
heterocyclic products such as 1.91 (Scheme 1.11).36 This report is also significant 
because it represents the first reported entry into the field of BN/CC isosterism from a 
research group based at a pharmaceutical company (Janssen Pharmaceutica N. V.). 
 
                                                          
36 Casado, M. R. S.; Jimenez, M. C.; Bueno, M. A.; Barriol, M.; Leenaerts, J. E.; Pagliuca, C.; Lamenca, C. 
M.; DeLucas, A. I.; Garcia, A.; Trabanco, A. A.; Rombouts, F. J. R. Eur. J. Org. Chem. 2015, 5221-5229. 
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Two final reports have described the activity of BN-naphthalenes in comparison 
to the activity of known compounds with biological activity. A joint report from Kilburn 
and coworker at H. Lundbeck A/S pharmaceutical company and Vlasceanu at the 
University of Copenhagen details the activity of BN-naphthalene-containing molecules 
such as 1.92 in comparison to direct carbonaceous analogs of known phosphodiesterase 
(PDE10A)37 inhibitors such as 1.93 (Figure 1.5).38 In this study, the authors determined 
that BN compound 1.92 displayed an IC50 towards the inhibition of PDE10A of 64 μM, 
about 5 times worse than that of 1.93 (12 μM),39 but still on the same order of magnitude. 
Several other BN analogs of related compounds were also found to have activity on the 
same order of magnitude as their carbonaceous analogs, and in many cases also exhibited 
similar metabolic stability.  
 
 
 
 
 
                                                          
37 Fujishige, K.; Kotera, J.; Michibata, H.; Yuasa, K.; Takebayashi, S.; Okumura, K.; Omori, K. J. Biol. 
Chem. 1999, 274, 18438-18445. 
38 Vlasceanu, A.; Jessing, M.; Kilburn, J. P. Bioorg. Med. Chem. 2015, 23, 4453-4461. 
39 Verhoest, P. R.; Chapin, D. S.; Corman, M.; Fonseca, K.; Harms, J. F.; Hou, X.; Marr, E. S.; Menniti, F. 
S.; Nelson, F.; O’Connor, R.; Pandit, J.; Proulx-LaFrance, C.; Schmidt, A. W.; Schmidt, C. J.; Suiciak, J. 
A.; Liras, S. J. Med. Chem. 2009, 52, 5188-5196. 
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A second report from Rombouts and coworkers describes the comparison of the 
properties of BN analogs of propanolol (1.94) including 1.95 and 1.96 (Figure 1.6).40 In 
this study, the authors profiled the activity of the BN-propanolols across a panel of 26 
receptors, and showed that the BN-compounds displayed similar potency to propanolol 
towards several of these receptors. Additionally, the BN compounds crossed the blood-
brain barrier easily and displayed similar ADME-tox profiles as carbonaceous 
propanolol. These studies both demonstrate the strong potential for BN/CC isosterism to 
be applied in medicinal chemistry and provide motivation for our group to further 
develop the chemistry of azaborines. 
 
 
                                                          
40 Rombouts, F. J. R.; Tovar, F.; Austin, N.; Tresadern, G.; Trabanco, A. A. J. Med. Chem. 2015, 
doi:10.1021/acs.jmedchem.5b01088 
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1.2.3.3 Recent Investigations of 1,2-Azaborines in Materials Science 
 The widest applications of 1,2-azaborines are found in the field of materials 
science, primarily using BN analogs of polycyclic aromatic hydrocarbons that are less 
closely related to our field of study than BN-naphthalenes. BN/CC isosterism offers an 
attractive method to incorporate boron into extended π-systems without needing to attach 
bulky B-(Mes)2 groups or similarly bulky external boranes to arene skeletons. A 
multitude of research groups have taken advantage of this idea by designing, 
synthesizing, and studying 1,2-BN analogs of extended aromatic systems such as 
anthracene,41 phenanthrene,42 pyrene,43 dibenzo[a,h]anthracene,44 
dibenzo[g,p]chrysene,45 perylene,46 coronene,47 hexa-peri-hexabenzocoronene,48 
heteroaromatic extended coronene,49 dibenzo[a,o]picene,50 tetrathienonaphthalene,51 
                                                          
41 Ishibashi, J. A.; Marshall, J. L.; Maziere, A.; Lovinger, G. J.; Li, B.; Zakharov, L. N.; Dargelos, A.; 
Graciaa, A.; Chrostowska, A.; Liu, S.-Y. J. Am. Chem. Soc. 2014, 136, 15414-15421. 
42 (a) Lu, J.-S.; Ko, S.-B.; Walters, N. R.; Kang, Y.; Sauriol, F.; Wang, S. Angew. Chem. Int. Ed. 2013, 52, 
4544-4548; (b) Ko, S.-B.; Lu, J.-S.; Wang, S. Org. Lett. 2014, 16, 616-619. 
43 (a) Wadle, J. J.; McDermott, L. B.; Fort, E. H. Tetrahedron Lett. 2014, 55, 445-447; (b) Wang, S.; Yang, 
D.-T.; Lu, J.; Shimogawa, H.; Gong, S.; Wang, X.; Mellerup, S. K.; Wakamiya, A.; Chang, Y.-L.; Yang, 
C.; Lu, Z.-H. Angew. Chem. Int. Ed. 2015, 54 doi:10.1002/anie.201507770. 
44 Wang, X.; Zhang, F.; Gao, J.; Fu, Y.; Zhao, W.; Tang, R.; Zhang, W.; Zhuang, X.; Feng, X. J. Org. 
Chem. 2015, 80, 10127-10133. 
45 Hashimoto, S.; Ikuta, T.; Shiren, K.; Nakatsuka, S.; Ni, J.; Nakamura, M.; Hatakeyama, T. Chem. Mater. 
2014, 26, 6265-6271. 
46 (a) Muller, M.; Behnle, S.; Maichle-Mossmer, C.; Bettinger, H. Chem. Commun. 2014, 50, 7821-7823; 
(b) Li, G.; Zhao, Y.; Li, J.; Cao, J.; Zhu, J.; Sun, X. W.; Zhang, Q. J. Org. Chem. 2015, 80, 196-203. 
47 Li, G.; Xiong, W.-W.; Gu, P.-Y.; Cao, J.; Zhu, J.; Ganguly, R.; Li, Y.; Grimsdale, A. C.; Zhang, Q. Org. 
Lett. 2015, 17, 560-563. 
48 Krieg, M.; Reicherter, F.; Haiss, P.; Strobele, M.; Eichele, K.; Treanor, M-J.; Schaub, R.; Bettinger, H. F. 
Angew. Chem. Int. Ed. 2015, 54, 8284-8286. 
49 (a) Wang, X.-Y.; Zhuang, F.-D.; Wang, R.-B.; Wang, X.-C.; Cao, X.-Y.; Wang, J.-Y.; Pei, J. J. Am. 
Chem. Soc. 2014, 136, 3764-3767; (b) Wang, X.-Y.; Zhuang, F.-D.; Wang, X.-C.; Cao, X.-Y.; Wang, J.-Y.; 
Pei, J. Chem. Commun. 2015, 51, 4368-4371. 
50 Neue, B.; Araneda, J. F.; Piers, W. E.; Parvez, M. Angew. Chem. Int. Ed. 2013, 52, 9966-9969. 
51 (a) Wang, X.-Y.; Lin, H.-R.; Lei, T.; Yang, D.-C.; Zhuang, F.-D.; Wang, J.-Y.; Yuan, S.-C.; Pei, J. 
Angew. Chem. Int. Ed. 2013, 52, 3117-3120; (b) Wang, X.-Y.; Zhuang, F.-D.; Zhou, X.; Yang, D.-C.; 
Wang, J.-Y.; Pei, J. J. Mater. Chem. C. 2014, 2, 8152-8161; (c) Wang, X.-Y.; Yang, D.-C.; Zhuang, F.-D.; 
Liu, J.-J.; Wang, J.-Y.; Pei, J. Chem. Eur. J. 2015, 21, 8867-8873. 
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dithienyl[a,h]anthracene,52 helicene,53 and finally a tetramer of phenanthrene.54 Most of 
these studies describe the optoelectronic properties such as UV/Vis absorbance, 
fluorescence emission, and fluorescence quantum yield of the novel 1,2-azaborine-
containing materials, many of the studies also analyze the products by cyclic 
voltammetry to determine oxidation and reduction potentials, and some of the studies 
actually incorporate the BN materials of interest into devices.  
Devices incorporating BN-heteroarenes from these reports include 
electroluminescent (EL) devices,43b organic light-emitting diodes (OLEDs),53,45,46b and 
field-effect transistors (FETs).51a-b,49a Generally, the potential for azaborine materials in 
devices was highlighted by the device studies, in which devices using azaborine-based 
materials exhibited favorable properties such as good brightness and current efficiency 
(in the case of the EL devices), purity of color, high external quantum efficiencies, and 
long device lifetimes (in the case of the OLED devices), and good charge transport 
properties, desirable photoconductivity, and stability towards high temperatures (in the 
case of the FET devices). 
1.3 Scalable, Straightforward Routes to BN-Benzenoids 
1.3.1 Protecting Group-Free Synthesis of 1,2-Azaborines 
 Motivated by the strong potential that 1,2-azaborines show for further 
applications in biomedical research and materials science, we sought to develop a 
straightforward synthetic route to large quantities of simple BN-benzenoids, ideally 
featuring a synthetic strategy that would not require tedious, fluoride-mediated removal 
                                                          
52 Wang, X.; Zhang, F.; Liu, J.; Tang, R.; Fu, Y.; Wu, D.; Xu, Q.; Zhuang, X.; He, G.; Feng, X. Org. Lett. 
2013, 15, 5714-5717. 
53 Hatakeyama, T.; Hashimoto, S.; Oba, T.; Nakamura, M. J. Am. Chem. Soc. 2012, 134, 19600-19603. 
54 Muller, M.; Maichle-Mossmer, C.; Bettinger, H. Angew. Chem. Int. Ed. 2014, 53, 9380-9383. 
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of a silyl nitrogen protecting group (see Scheme 1.4). This route would also ideally 
facilitate access to gram-scale quantities of the parent 1,2-azaborine 1.3, which would 
allow us to carry out a multitude of fundamental studies that were previously impractical 
due to the severely limited access to this simple BN arene.55  
Dr. Eric Abbey conceived the synthetic route shown in Scheme 1.12 to 
accomplish these stated goals. Treatment of commercially available, air stable allyl BF3K 
salt 1.97 with TMSCl in a protocol inspired by reports from Vedejs23 and Matteson56  
generated an active allyl boron reagent that reacted cleanly with allylamine to generate 
1.100 in good yield. Subsequent ring closing to generate 1.102 required the use of 
Schrock’s molybdenum catalyst 1.101,57 as Grubbs 1st or 2nd generation ruthenium 
catalysts failed to efficiently catalyze the reaction. Treatment of 1.102 with n-butanol 
resulted in quantitative replacement of the allylamine fragment at boron with an n-butoxy 
fragment. Switching the solvent to cyclohexene and heating the reaction mixture with 
Pd/C generated the aromatic final compound 1.104 in acceptable final yield. My 
contribution to this segment of the project was scaling up and optimizing the reaction 
yields in this synthetic scheme; on the largest scale used this reaction sequence generated 
6.3 grams of 1.104, which bears labile substituents on both the boron and nitrogen atoms, 
making it an ideal intermediate in the synthesis of diverse azaborines. 
 
 
 
                                                          
55 Abbey, E. R.; Lamm, A. N.; Baggett, A. W.; Zakharov, L. N.; Liu, S.-Y. J. Am. Chem. Soc. 2013, 135, 
12908-12913. 
56 Kim, B. J.; Matteson, D. S. Angew. Chem. Int. Ed. 2004, 43, 3056-3058. 
57 Murdzek, J. S.; Schrock, R. R. Organometallics, 1987, 6, 1373-1374. 
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 With a scalable route to 1.104 in hand, we investigated its suitability to serve as 
an intermediate in the synthesis of a range of azaborines not easily accessed by any 
previous synthetic routes. Dr. Ashley Lamm performed the representative experiments 
included in Scheme 1.13 that demonstrate the usefulness of this new protecting group-
free azaborine. Treatment with two equivalents of methyllithium generated a B-Me, N-Li 
species that reacted in situ with iodomethane to produce 1.107 in decent yield (eq. 1). 
1.104 was also converted to N-H, B-n-Bu azaborine 1.110 through a similar protocol 
involving initial reaction with n-butyllithium and subsequent quenching with HCl (eq.2). 
Dr. Ashley Lamm also showed that following initial conversion of 1.104 to 1.111 bearing 
a more reactive B-Cl bond (Scheme 1.14, eq. 1) that previously unobtainable azaborines 
BN-triphenylmethane 1.113 (Scheme 1.14, eq. 2) and BN-diphenylether 1.115 (Scheme 
1.14, eq. 3) could be isolated and characterized. 
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 We next investigated the large-scale production of the parent azaborine 1.3 from 
versatile intermediate 1.104. Initial results from Drs. Abbey and Lamm indicated that 1.3 
could be formed following reduction using LiAlH4 and subsequent protonation with 
dodecanoic acid 1.117. However, isolation of the final material involved vacuum transfer 
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of the volatile 1.3 into a liquid nitrogen trap and the final material was always 
contaminated with n-butanol from 1.104 and traces of solvent, 1,6-dicyanohexane.  
My contribution to this aspect of the project was to develop a synthetic protocol 
that would allow production of pure 1.3 not contaminated with alcohol or solvent 
(Scheme 1.15). Since 1.104 is a viscous liquid at room temperature or –30 °C, I 
developed a solvent-free protocol simply involving the addition of small amounts of 
LiAlH4 to the neat compound at low temperature. Owing to the high viscosity of the 
material, which increases as the reaction progresses, the reaction with the strong hydride 
source is slow and does not produce unwanted byproducts. Slow addition at low 
temperature of neat decanoic acid directly to the reaction mixture resulting from the 
hydride addition results in clean production of 1.3 as the only boron-containing species 
present in the reaction based on 11B NMR. Vacuum transfer from this mixture results in 
the collection of a mixture of only n-butanol and 1.3 since there is no solvent available 
for transfer and decanoic acid is nonvolatile. The n-butanol contaminant can be removed 
following silica gel chromatography, but the choice of solvent for the eluent is important. 
Even when using pentane as eluent, 1.3 evaporates away rapidly with the pentane when 
solvent is removed following chromatography. Switching the solvent to isopentane 
(boiling point 28 °C vs. 36 °C for n-pentane) resulted in a scenario in which the 
isopentane could be removed by careful distillation or even simple evaporation over time, 
leaving 1.3 behind as a pure compound. On the largest scale, we used this protocol to 
prepare 1.79 grams of pure parent azaborine 1.3. 
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 This newly developed gram-scale synthesis enabled greater characterization of the 
parent azaborine 1.3 than was possible previously (Figure 1.7). We measured the boiling 
point of 1.3 to be 117 °C, found by heating the material to reflux at 1 atm in a distillation 
apparatus and recording the temperature when the reflux had reached a steady state on the 
apparatus thermometer. This result puzzled us when viewed in light of the high volatility 
of 1.3 when in solution in pentane or related solvents. A plausible explanation is that 
strong intermolecular forces between molecules of 1.3 lead to the observed boiling point 
of 117 °C for the pure substance, but these intermolecular forces are not as prominent 
under conditions of high dilution in hydrocarbon solvents leaving the low molecular 
weight compound free to evaporate with the solvent. Qualitative observations support this 
hypothesis, such as the fact that the heavier N-Me, B-Me azaborine 1.107 is much more 
volatile as a pure compound than is 1.3. 
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We obtained experimental evidence in collaboration with Sykes and coworkers 
that strongly supports the observed boiling point of 117 °C.58 Sykes and coworkers 
studied the desorption of 1.359 from multilayers of the material deposited on Au(111) and 
Cu(111) surfaces. Desorption of materials from multilayers on these surfaces requires 
breaking a similar number of intermolecular interactions as does desorption during 
boiling,60 so it was expected that the temperatures at which boiling and multilayer 
desorption occur would scale similarly for 1.3 and benzene. Indeed, the ratio of the 
boiling points of 1.3 and benzene is 1.10 (390 K / 353 K61) and that of the desorption 
temperatures of 1.3 and benzene is 1.08 (135 K / 125 K), corroborating our measured 
boiling point of 1.3. 
 In addition to determining the boiling point of 1.3, we measured the density of 
this material to be 0.905 g/mL by recording the mass of 800 μL of material, and we 
measured the refractive index (nD) to be 1.528. We used Reichardt’s betaine dye (2,6-
diphenyl-4-(2,4,6-triphenyl-N-pyridino)phenolate) as a solvatochromic indicator to 
compare the polarity of 1.3 against that of common solvents. The ET(30) polarity scale is 
based on the λmax of absorptions of Reichardt’s dye in diverse solvents. The ET(30) scale 
is defined by the equation shown in Figure 1.8. In this equation, λmax is the wavelength at 
the maximum of the longest-wavelength intramolecular charge-transfer π-π* absorption 
                                                          
58 Murphy, C. J.; Baggett, A. W.; Miller, D. P.; Simpson, S.; Marcinkowski, M. D.; Mattera, M. F. G.; 
Pronschinske, A.; Therrien, A.; Liriano, M. L.; Zurek, E.; Liu, S.-Y.; Sykes, C. H. J. Phys. Chem. C 2015, 
119, 14624-14631. 
59 The material used for this study had to be produced with the new synthetic route. Material sent to Sykes 
and coworkers from the previous synthetic route described above contained n-butanol as a contaminant that 
disrupted the deposition of 1.3 onto metal surfaces and prevented useful data from being obtained. Material 
prepared using the new synthetic route only contained traces of isopentane as a contaminant which could be 
easily removed from the deposited samples by gentle annealing prior to data collection. 
60 Desorption from a multilayer of material does not involve breaking any surface-material interactions 
since the material is protected from interaction from the surface by multiple layers of buried molecules. 
This temperature was the same for 1.3 regardless of whether Cu(111) or Au(111) was used as substrate, 
demonstrating the independence of multilayer desorption from metal-substrate interactive forces. 
61 Smith, E. R.; Matheson, H. J. Res. Natl. Bur. Stand. 1938, 20, 641-655. 
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band of Reichardt’s dye.62 Charge-transfer absorption wavelengths range from λmax = 453 
nm in a highly polar solvent (water) to λmax = 925 nm in a relatively nonpolar solvent 
(hexane). Figure 1.9 shows that on the basis of ET(30) analysis, the polarity of the 1.3 
(ET(30) = 47.8 kcal/mol) is significantly higher than that of its carbonaceous counterpart, 
benzene (ET(30) = 34.3 kcal/mol), and similar to that of DMSO (ET(30) = 45.1 kcal/mol). 
 
 
 
 
 
                                                          
62 Reichardt, C. Chem. Rev. 1994, 94, 2319-2358. 
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1.3.2 Fluoride Ion-Free Desilylation of Azaborine 
 Due to the advantages that the use of N-H, B-O-n-Bu azaborine 1.104 offered 
over the use of N-TBS, B-Cl azaborine 1.33, we desired decagram quantities of this 
intermediate for routine use. Despite the elegance of the synthetic pathway described in 
Scheme 1.12, the requirement of this protocol for gram quantities of the very expensive 
molybdenum catalyst 1.101 prevents it from being applied as the method of choice to 
access such quantities of 1.104. In contrast to the 2 mol % catalyst loading required to 
convert 1.100 to 1.102, we have recently optimized the large sale ring closing metathesis 
of 1.31 to 1.32 using the relatively inexpensive Grubbs 1st generation ruthenium catalyst 
at only 0.03 mol %, corresponding to 3400 TON of the catalyst (Scheme 1.16). Ideally, a 
route to 1.104 and similar N-H, B-alkoxy azaborines going through N-TBS, B-Cl 
azaborine 1.33 could be developed. However, attempting to deprotect N-TBS, B-alkoxy 
azaborines with fluoride reagents such as TBAF led to extensive decomposition of the 
reaction mixture. 
 
 
 During initial attempts to synthesize azaborine amide 1.120 through a route 
envisioned to proceed via 1.119 (Scheme 1.17, eq. 1), Dr. Ashley Lamm serendipitously 
discovered that conversion of 1.33 to 1.120 occurred directly following the addition of 
acetamide to 1.33 without requiring a discrete deprotection step (Scheme 1.17, eq. 2). 
Further optimization of the reaction conditions led to an efficient generation of 1.120 
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from a simple two-component reaction mixture (Scheme 1.17, eq. 3). The stoichiometric 
TBSCl byproduct can be quantitatively removed following the reaction by subjecting the 
reaction mixture to high vacuum while heating at 40 °C over 12 hours. Treatment of 
1.120 with alcohols such as n-butanol results in rapid, quantitative release of acetamide 
and generation of B-alkoxy azaborine products in high yield, and this procedure has been 
scaled up to produce multigram quantities of 1.104 with no detectable TBS-containing 
contaminants (Scheme 1.17, eq. 4). 
 
 
 My contributions to this project have involved running simple experiments to 
refine our understanding of mechanistic features of the reaction, examining the effect of 
base additives on the efficiency of the reaction, and mediating efforts to understand the 
energetic landscape of the reaction through calculations. We hypothesized that the 
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reaction may proceed through intermediate 1.119, formed from 1.33 via initial attack of 
acetamide through the nucleophilic oxygen atom to generate 1.121, which could lose HCl 
to a second equivalent of acetamide to generate 1.123, which could then undergo an O to 
N isomerization to provide access to 1.119 (Scheme 1.18, eq. 1). This proposed route is 
based on preliminary computational results performed by Prof. Haeffner suggesting that 
initial attack occurs from the oxygen rather than from the nitrogen of acetamide, and is 
followed by a low-barrier deprotonation/isomerization sequence.  
A peak consistent with 1.119 can be observed in the 11B NMR of the room 
temperature reaction shown in Scheme 1.17, eq. 2. In order to demonstrate that 1.119 is a 
chemically and kinetically competent species in the formation of 1.120, I isolated and 
characterized this compound and demonstrated that it reacts with HCl to rapidly form 
1.120 and 1.33 (Scheme 1.18, eq. 2). We observed that unless 1.119 is separated within 
minutes from the solid HCl-NEt3 salt formed from the first reaction between 1.33 and 
1.118, the reaction to produce 1.120 does proceed slowly at room temperature. This 
suggests that even a weak acid is sufficient to promote the deprotection reaction. 
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We proposed two plausible mechanistic pathways that could lead from 
intermediate 1.119 to the final product (Scheme 1.19). In Pathway A, an intramolecular 
attack of the amide oxygen on the silicon atom could generate a zwitterionic intermediate 
that could undergo N-Si bond cleavage followed by protonation and O-Si bond cleavage 
to arrive at 1.120. In Pathway B, initial protonation of the nitrogen could be followed by 
expulsion of silicon without involving a Si-O bond. We wondered whether an azaborine 
bearing a simple amine substituent at boron would undergo the observed deprotection 
reaction in the presence of an acid. If the reaction operated normally with such a 
substrate, Pathway A could be ruled out. Dr. Lamm prepared substrate 1.225 to test this 
theory, and discovered that when treated with HCl, 1.225 only regenerated starting 
material 1.33 (Scheme 1.20). This result is consistent with the necessity of the amide 
group for the production of 1.120, although neither pathway can be ruled out as a result 
of this experiment.  
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 In collaboration with Prof. Fredrik Haeffner, we examined the lowest-energy 
calculated pathway obtained through DFT computations and determined that the results 
are consistent with a combined picture of the two proposed mechanistic pathways in 
Scheme 1.19 (Figure 1.10). Initial attack of the oxygen atom of a molecule of acetamide 
displaced the chloride atom from boron in a low-barrier sequence that led to intermediate 
mixture E via tetrahedral azaborine intermediate mixture C. The largest predicted barrier 
was found to lie between mixtures E and G and involved formation of a constrained 4-
membered transition state mixture F. Protonation of the azaborine nitrogen occurred 
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during this same step, and a barrierless transfer of the silyl group to the azaborine-bound 
acetamide occurred to generate intermediate mixture H. Finally, chloride-mediated 
expulsion of the TBS-Cl byproduct occurred through a low-barrier process to generate 
the product mixture J, which was predicted to be more stable relative to the starting 
mixture by 18.5 kcal/mol. The large predicted barrier from E to F (26.2 kcal/mol) is 
consistent with the sluggish nature of the room temperature reaction. Furthermore, in the 
presence of a stronger base than acetamide, we envision that the O-to-N isomerization of 
the acetamide attached to the azaborine species in mixture E could occur without 
subsequent azaborine protonation and rearrangement, generating N-TBS, B-acetamide 
1.119 as we observed when triethylamine is added to the reaction mixture. 
 
 
1.4 Conclusion 
 We developed a protecting group-free synthetic route to gram-scale quantities of 
versatile azaborine intermediate 1.104 and ultimately to the parent azaborine 1.3. This 
newfound access to large quantities of pure 1.3 available to us enabled the determination 
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of several important fundamental properties of 1.3 and facilitated our collaborative efforts 
to study its desorption from Cu(111) and Au(111) surfaces at cryogenic temperatures. We 
serendipitously discovered a high-yielding, operationally simple route capable of 
transforming 1.33 into 1.104 via a fluoride ion-free nitrogen deprotection strategy. This 
discovery facilitated the broad application of N-H, B-O-n-Bu 1.104 as a compound of 
central importance to our ongoing research efforts. We investigated the mechanism of 
this transformation and proposed a plausible mechanistic pathway for the formation of 
1.119 and two reasonable pathways for the formation of 1.120. We studied the overall 
reaction pathway by DFT in collaboration with Prof. Haeffner and learned from this 
computational study that a reasonable mechanistic pathway included elements of both 
mechanistic pathways we proposed at the outset of this study. 
1.5 Experimental Section 
1.5.1 General Information 
 11B, 1H, and 13C spectra were recorded on either a Varian Unity/Inova 300 
spectrometer, a Varian Unity/Inova 500 spectrometer, or a Bruker Avance III HD 600 
NMR spectrometer at ambient temperature. Chemical shifts are reported in ppm with the 
solvent resonance as internal standard (CD2Cl2: 5.32 ppm). Data are described as follows 
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m 
= multiplet), coupling constants (Hz), and integration. 13C NMR spectra are reported with 
the solvent resonance as internal standard (CD2Cl2: 54 ppm). 
11B NMR chemical shifts 
are externally referenced to BF3•Et2O (0 ppm). 
All oxygen- and moisture-sensitive manipulations were carried out under an inert 
atmosphere (N2) using either standard Schlenk techniques or a dry box. 
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THF, Et2O, CH2Cl2, toluene, and pentane were purified by passing through a 
neutral alumina column under argon. 2-bromopyridine was dried over KOH, distilled 
under partial vacuum over CaO, and degassed through the freeze-pump-thaw technique 
prior to use. All other chemicals and solvents were purchased and used as received. 
IR spectra were recorded on a Nicolet Magna 550 FT-IR instrument with OMNIC 
software. 
High-resolution mass spectrometry data were obtained at the Boston College mass 
spectrometry facility on a JEOL AccuTOF instrument (JEOL USA, Peabody, MA), 
equipped with a DART ion source (IonSense, Inc., Danvers, MA) in positive ion mode. 
Gas Chromatography was performed using helium as carrier gas on an Agilent 
6850 Series II instrument equipped with a flame ion detector. 
Fluorescence emission spectra were collected on a Jobin Yvon Horiba Fluoromax 
4 spectrometer in dry degassed THF or cyclohexane. Photoluminescence quantum yields 
were calculated using anthracene and 9,10–diphenylanthracene standards by standard 
procedures. UV-Vis spectra were collected on an Agilent 8453 spectrophotometer with 
ChemStation software. Extinction coefficients were calculated by finding the slope of the 
absorbance plot at different known concentrations using the Beer-Lambert Law. 
1.5.2 Experimental Procedures 
1.5.2.1 Synthetic Procedures in Scheme 1.12 
Compound 1.100. 1.100 (32 g, 57%) was synthesized as a clear 
colorless oil from potassium allyltrifluoroborate (50.0 g, 338 mmol), 
allylamine (126 mL, 1.69 mol), and TMSCl (128 mL, 1.01 mol). A 2 L round bottom 
flask equipped with a reflux condenser fitted with a septum was connected to a nitrogen 
35
line. Potassium allyltrifluoroborate was suspended in 500 mL acetonitrile under a stream 
of nitrogen. Allylamine was added to the suspension under a stream of nitrogen and the 
reaction was allowed to stir for 5 minutes. TMSCl was added dropwise through the reflux 
condenser over the course of 1 hour. Following the addition the reaction was heated to 
reflux and allowed to stir for 16 hours. The reaction was allowed to cool to room 
temperature and the reaction was concentrated under reduced pressure to ca. 50% full 
volume. The mixture was filtered through a filter stick containing a glass frit and the 
filtrate was concentrated under reduced pressure. The crude material was purified by 
vacuum distillation at 350 mTorr. 1H NMR (500 MHz, CD2Cl2): δ 5.91 (m, 3H), 5.13 (m, 
4H), 4.94 (m, 2H), 3.55 (br s, 4H), 2.63 (br s, 2H), 1.64 (d, 3JHH = 7.5 Hz, 2H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 139.4 (br, 2C), 137.9, 113.6, 113.4, 112.9, 44.0 (br, 2C), 22.2 
(br); 11B NMR (96 MHz, CD2Cl2): δ 30.6; FTIR (thin film): ῦ = 3424, 3021, 2977, 2851, 
1659, 1519, 1473, 1395, 998, 914, 669; HRMS (EI) calcd for C9H16N2B [M]
+ 163.14066, 
163.13923 found. 
Compound 1.102. 1.102 (25 g, 94%) was synthesized as a clear 
colorless oil from 1.100 (31.6 g, 193 mmol) and Schrock’s 
molybdenum catalyst (2.96 g, 3.86 mmol). Inside a nitrogen atmosphere dry box a flask 
containing a bar of stirring was charged with 1.100 and 160 mL CH2Cl2. The catalyst was 
dissolved in 30 mL CH2Cl2 and the mixture was added to the stirred reaction. The 
reaction was allowed to stir at room temperature for 90 minutes and then concentrated 
under reduced pressure. The crude material was purified by vacuum distillation at 400 
mTorr. 1H NMR (500 MHz, CD2Cl2): δ 5.89 (m, 1H), 5.81 (br s, 1H), 5.58 (m, 1H), 5.21 
(d, 3JHH = 17.1 Hz, 1H), 5.01 (d, 
3JHH = 11.0 Hz, 1H), 3.67 (s, 2H), 3.45 (m, 2H), 2.93 (br 
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s, 1H), 2.42 (br s, 1 H), 1.30 (s, 2H); 13C NMR (125.8 MHz, CD2Cl2): δ 139.6, 125.6, 
125.3, 112.9, 43.6, 42.3, 11.4 (br); 11B NMR (96 MHz, CD2Cl2): δ 30.3; FTIR (thin film): 
ῦ = 3426, 3076, 2980, 2912, 2853, 1633, 1503, 1463, 1309, 1270, 995, 915; HRMS (EI) 
calcd for C7H12N2B [M]
+ 135.10936, 135.10942 found. 
Compound 1.104. 1.104 (6.3 g, 47%) was synthesized as a clear 
colorless oil from 1.102 (12.0 g, 88.0 mmol), n-butanol (8.5 mL, 93 
mmol), and Pd/C (0.94 g, 8.8 mmol). Inside a nitrogen atmosphere dry box a reaction 
flask was charged with 1.102 and 30 mL THF. n-Butanol was added and the reaction was 
allowed to stir for 16 hours. The reaction was concentrated under reduced pressure and 
freshly distilled cyclohexene was added. The reaction was transferred to a 100 mL 
unregulated pressure vessel and Pd/C was added. The reaction was sealed, heated at 60 
°C, and allowed to stir for 24 hours. The reaction was allowed to cool to room 
temperature and then was concentrated under reduced pressure. The crude material was 
purified by silica gel chromatography using 1:20 ether:pentane as eluent. 1H NMR (500 
MHz, CD2Cl2): δ 7.54 (m, 1H), 7.05 (t, 
3JHH = 7.5 Hz, 1H), 6.89 (br s, 1H), 6.29 (d, 
3JHH 
= 11.0 Hz, 1H), 5.91 (d, 3JHH = 7.5 Hz, 1H), 3.95 (t, 
3JHH = 6.7 Hz, 2H), 1.65 (m, 2H), 
1.43 (m, 2H), 0.95 (m, 3H); 13C NMR (125.8 MHz, CD2Cl2): δ ; 145.8, 133.8, 118 (br), 
105.6, 64.5, 33.8, 19.0, 13.7 11B NMR (96 MHz, CD2Cl2): δ 29.1; FTIR (thin film): ῦ = 
3320, 2959, 2932, 2873, 1617, 1539, 1433, 1278, 1159, 1089, 735; HRMS (EI) calcd for 
C8H14NBO [M]
+ 151.11685, 151.11686 found. 
1.5.2.2 Experimental Details for Schemes 1.13 and 1.14 
Compound 1.107: 1.107 (0.018 g, 49%) was synthesized as a clear 
colorless oil from 1.104 (0.052 g, 0.34 mmol), methyllithium (0.43 mL, 
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0.68 mmol, 1.6 M in hexane), and iodomethane (0.097 g, 0.68 mmol). Inside a nitrogen 
atmosphere dry box a reaction vessel was charged with a magnetic stir bar, 1.104, and 2 
mL ether. The vessel was sealed and cooled to –30 °C in the dry box freezer. 
Methyllithium was added to the chilled reaction and it was allowed to sit at –30 °C for 3 
hours. Cold iodomethane was added at this time and the reaction was allowed to warm to 
room temperature and then heated to reflux for 20 minutes in a fume hood under 
nitrogen. The mixture was gently concentrated under reduced pressure and the crude 
material was purified by silica gel chromatography using pentane as eluent. 1H NMR 
(500 MHz, CD2Cl2): δ 7.47 (dd, 
3JHH = 6.2, 5.3 Hz, 1H), 7.19 (d, 
3JHH = 6.5 Hz, 1H), 6.63 
(d, 3JHH = 10.8 Hz, 1H), 6.19 (t, 
3JHH = 6.7 hz, 1H), 3.51 (s, 3H), 1.31 (s, 3H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 141.6, 139.2, 131 (br), 109.6, 40.7, 2 (br); 
11B NMR (96 MHz, 
CD2Cl2): δ 37.4; FTIR (thin film): ῦ = 2964, 2951, 2939, 1610, 1517, 1463, 1417, 1402, 
1266,1123, 701, 626; HRMS (EI) calcd for C6H11NB [M]
+ 108.0985, 108.0983 found. 
Compound 1.110: 1.110 (0.035 g, 83%) was synthesized as a clear 
colorless oil from 1.104 (0.047 g, 0.31 mmol), butyllithium (0.25 mL, 0.62 
mmol, 2.5 M in hexane), and hydrogen chloride (0.24 mL, 0.48 mmol, 2.0 M in ether). 
Inside a nitrogen atmosphere dry box a reaction vessel was charged with a magnetic stir 
bar, 1.104, and 2 mL ether. The vessel was sealed and cooled to –30 °C in the dry box 
freezer. Butyllithium was added to the chilled reaction and it was allowed to sit at –30 °C 
for 3 hours. Cold HCl was added at this time and the reaction was allowed to warm to 
room temperature. The mixture was concentrated under reduced pressure and the crude 
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material was purified by silica gel chromatography using pentane as eluent. 
Characterization was consistent with prior work.63 
Compound 1.113: 1.113 (0.018 g, 49%) was synthesized as a white 
solid from 1.104 (0.018 g, 0.12 mmol), boron trichloride (0.072 mL, 
0.072 mmol, 1.0 M in hexane), and diphenylmethyllithium (0.62 mL, 
0.36 mmol, 2 M in THF). Inside a nitrogen atmosphere dry box a reaction vessel was 
charged with a magnetic stir bar, 1.104, and 2 mL pentane. The vessel was sealed and 
cooled to –30 °C in the dry box freezer. BCl3 was added to the chilled reaction and it was 
allowed to sit at –30 °C for 1 hour. Diphenylmethyllithium was added at this time and the 
reaction was allowed to sit at –30 °C for 1 hour. The mixture was gently concentrated 
under reduced pressure and the crude material was purified by silica gel chromatography 
using pentane:CH2CL2 as eluent. 
1H NMR (500 MHz, CD2Cl2): δ 7.72 (s, 1H), 7.59 (dd, 
3JHH = 6.8, 4.4 Hz, 1H), 7.24 (m, 11H), 6.63 (d, 
3JHH = 11.7 Hz, 1H), 6.29 (t, 
3JHH = 6.8 
Hz, 1H), 4.33 (s, 1H); 13C NMR (125.8 MHz, CD2Cl2): δ 145.8, 144.3, 134.0, 130.1, 130 
(br), 129.0, 125.8, 110.7, 47 (br); 11B NMR (96 MHz, CD2Cl2): δ 36.9; FTIR (thin film): 
ῦ = 3378, 3058, 3022, 2927, 1615, 1598, 1576, 1533, 1492, 1460, 1419, 1154, 1154, 
1072, 1030, 990, 789, 741, 722, 700, 608, 582; HRMS (EI) calcd for C17H16NB [M]
+ 
245.1376, 245.1387 found. 
Compound 1.115: 1.115 (0.112 g, 66%) was synthesized as a white 
solid from 1.104 (0.15 g, 0.99 mmol), boron trichloride (0.60 mL, 0.60 
mmol, 1.0 M in hexane), and phenol (0.90 g, 0.66 mmol). Inside a nitrogen atmosphere 
dry box a reaction vessel was charged with a magnetic stir bar, 1.104, and 2 mL pentane. 
The vessel was sealed and cooled to –30 °C in the dry box freezer. BCl3 was added to the 
                                                          
63 Lamm, A. N.; Garner, E. B.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. Ed. 2011, 50, 8157-8160. 
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chilled reaction and it was allowed to sit at –30 °C for 1 hour. Potassium hydride (0.071 
g, 1.8 mmol) was added to a solution of phenol in THF. The solution of potassium 
phenoxide was added to the azaborine material and the reaction was allowed to warm to 
room temperature. The mixture was gently concentrated under reduced pressure and the 
crude material was purified by silica gel chromatography using pentane:ether as eluent. 
1H NMR (500 MHz, CD2Cl2): δ 7.31 (dd, 
3JHH = 6.8, 4.4 Hz, 1H), 7.00 (m, 7H), 5.96 (d, 
3JHH = 11.5 Hz, 1H), 5.78 (t, 
3JHH = 6.9 Hz, 1H); 
13C NMR (125.8 MHz, CD2Cl2): δ 
147.8, 133.9, 133.1, 131.1, 128.8, 127.7, 120 (br), 110.2; 11B NMR (96 MHz, CD2Cl2): δ 
28.7; FTIR (thin film): ῦ = 3386, 3041, 2960, 2872, 1595, 1538, 1456, 1436, 1429, 1419, 
1332, 1274, 1070, 1023; HRMS (EI) calcd for C10H11NBO [M]
+ 172.0934, 172.0925 
found. 
1.5.2.3 Synthesis and Characterization of 1.3 
Compound 1.3. 1.3 (1.8 g, 57%) was synthesized as a clear colorless oil 
from 1.104 (6.00 g, 39.7 mmol), LiAlH4 (0.905 g, 23.8 mmol), and decanoic 
acid (16.4 g, 95.4 mmol). LiAlH4 was added in 70 mg portions to neat 1.104 in a nitrogen 
atmosphere dry box, placing the reaction vessel between additions inside the dry box 
freezer as needed to maintain a temperature around room temperature. After the addition 
of LiAlH4, a solid gray lump of material was formed in the reaction flask. To this solid 
was added decanoic acid in 1 g portions. The flask was again placed in the freezer as 
needed to maintain a temperature near room temperature. Addition of decanoic acid 
liberated 1.3 and n-butanol from the gray solid, resulting in a mostly liquid mixture with 
suspended gray solids. Vacuum transfer was performed on this mixture and 3.02 grams of 
a mixture composed of 1.3 and butanol was collected. The clear liquid was dissolved in 
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isopentane and passed through a short plug of silica gel using isopentane as eluent. 
Fractions were combined and the isopentane was carefully distilled away at 35 °C leaving 
nearly clean 1.3 behind in the original distillation flask. Residual isopentane was allowed 
to evaporate from 1.3 inside the dry box leaving pure 1.3 behind. The 1H NMR of this 
material agreed with published data. 
Solvatochromism of 1.3: A 0.01 M stock solution of Reichardt’s betaine dye in acetone 
was prepared. 20 μL from this stock solution was transferred to a 2 mL volumetric flask 
and the acetone was allowed to evaporate. 2 mL of the corresponding solvent was added 
to obtain a dye concentration equal to 1 x 10-4 M for each solvent measured. 
Boiling Point of 1.3: 1.5 grams 1.3 were refluxed in a fractional distillation apparatus 
under 1 atm nitrogen until a steady reflux on the apparatus thermometer was achieved. 
The temperature was recorded at this point at 117 °C, and the material was recovered 
with no decomposition. 
Density of 1.3: 800 μL of 1.3 was measured out using a 1000 μL airtight syringe and 
transferred to a tared vial. This procedure was repeated 5 times and the average density 
was calculated. Twice a weight of 0.724 g was recorded and thrice a weight of 0.723 g 
was recorded. 
Refractive Index of 1.3: 0.2 mL 1.3 was taken in a sealed vial to the instrument. Before 
measuring the refractive index of 1.3, solvents including benzyl alcohol, toluene, 
methanol, ethanol, and oleic acid were measured and the experimental refractive index 
was compared with literature values. In all cases the measured value was identical to 
literature values for 3 decimal places. 1.3 was applied to the instrument and the refractive 
index measurement was taken within 10 seconds of application, and this process was 
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repeated 3 times. The refractive index remained stable at nD 1.528 for at least 60 seconds 
following measurement in each case, showing that decomposition had not occurred 
during on this time scale. 
1.5.2.4 Experiments in Scheme 1.17 
General Procedure for Entries 2 and 3: 
Yields were determined by 1H NMR analysis of the reaction mixture versus 
hexamethylbenzene as an internal standard. In a nitrogen atmosphere dry box, a J-Young 
Tube was charged with a solution of 1.33, hexamethylbenzene, and solvent. Acetamide 
1.118 was added to the NMR tube and the tube was sealed. 
Entry 2: The general procedure was followed using 1.33 (0.019 g, 0.083 mmol), 1.118 
(0.005 g, 0.09 mmol), DMF-d7 (0.3 mL), triethylamine (0.012 mL, 0.092 mmol) and 
hexamethylbenzene (0.001 g). NMR analysis indicated the formation of 1.120 in 52% 
yield.  
Entry 3: The general procedure was followed using 1.33 (0.021 g, 0.091 mmol), 1.118 
(0.006 g, 0.1 mmol), MeCN-d3 (0.3 mL), and hexamethylbenzene (0.001 g). NMR 
analysis indicated the formation of 1.120 in 98% yield. 
Entry 4: Inside a nitrogen atmosphere dry box, a vial was charged with 1.120 (0.051 g, 
0.38 mmol) and 2 mL THF. n-Butanol (0.11 g, 1.5 mmol) was added as a neat liquid and 
the reaction was allowed to stir at room temperature for 4 hours. The reaction was 
concentrated under reduced pressure and the crude material was purified by silica gel 
chromatography using 1:3 ether:pentane as eluent to yield 1.104 (0.052 g, 90% yield). 
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1.5.2.5 Experiment in Scheme 1.18 
Inside a nitrogen atmosphere dry box, an unregulated glass pressure vessel was charged 
with 1.119 (0.25 g, 1.0 mmol), a stir bar, and 2 mL MeCN. HCl (0.55 mL, 1.1 mmol, 2 M 
in ether) was added and the reaction was sealed and allowed to stir at 80 °C for 15 hours. 
The reaction was allowed to cool to room temperature and was concentrated under 
reduced pressure. The crude material was analyzed by 1H and 11B NMR to determine a 
ratio of 14:86 (mmol:mmol) of 1.33 and 1.120. 
1.5.2.6 Experiment in Scheme 1.20 
Inside a nitrogen atmosphere dry box, a J-Young tube was charged with diphenylamine 
(0.10 g, 0.59 mmol), potassium hydride (0.03 g, 0.75 mmol), and 10 mL THF. The 
reaction was allowed to sit at room temperature for 4 hours. In a separate reaction vessel, 
1.33 (0.052 g, 0.23 mmol) and 2 mL THF were chilled to –30 °C. The solution of 
potassium diphenylamine was slowly added to this solution and the reaction was allowed 
to stir for 16 hours. The reaction was concentrated under reduced pressure, and the 
reaction mixture was dissolved in pentane and filtered through a PTFE membrane 
Acrodisc to yield the product 1.225 in 58% yield. A J-Young tube was charged with 
1.225 (0.021 mg, 0.083 mmol), HCl (0.042 mL, 0.083 mmol, 2 M in ether), and 0.3 mL 
MeCN-d3. The progress of the reaction was monitored by 1H NMR which indicated that 
1.33 was produced. 
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1.5.2.7 Calculated Energies and Structures for Figure 1.10 
----------------------------------------- 
gs1_opt_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
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H    -0.558     0.108    -4.797 
H     0.226    -2.153    -4.211 
C    -0.640    -0.261    -3.776 
C    -0.206    -1.517    -3.441 
H    -1.555     1.591    -3.059 
C    -1.211     0.598    -2.794 
B    -0.356    -1.954    -2.004 
C    -1.334     0.185    -1.499 
Cl     0.182    -3.611    -1.508 
N    -0.929    -1.054    -1.043 
H    -1.770     0.854    -0.764 
H    -2.803    -3.428    -1.035 
H    -3.855    -1.114    -0.888 
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C    -3.006    -3.565     0.034 
H     1.050    -2.165     1.145 
Si    -1.284    -1.410     0.718 
C    -4.052    -1.304     0.174 
H    -2.267    -4.272     0.429 
H    -3.997    -4.031     0.128 
H    -0.390     0.817     1.387 
H    -5.043    -1.774     0.248 
H    -4.108    -0.337     0.689 
C    -2.992    -2.230     0.790 
H    -0.070    -3.525     1.327 
C     0.058    -2.455     1.506 
H    -2.164     0.873     1.401 
C    -1.296     0.243     1.615 
H     0.029    -2.279     2.588 
H    -1.294     0.043     2.693 
C    -3.331    -2.484     2.269 
H    -4.320    -2.957     2.349 
H    -2.605    -3.155     2.744 
H    -3.364    -1.553     2.849 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --    39.6267                46.4687                65.9616 
 Red. masses --     2.7909                 4.7087                 3.8914 
 Zero-point correction=                           0.279474 (Hartree/Particle) 
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 Thermal correction to Energy=                    0.296516 
 Thermal correction to Enthalpy=                  0.297460 
 Thermal correction to Gibbs Free Energy=         0.235987 
 Sum of electronic and zero-point Energies=          -1221.393466 
 Sum of electronic and thermal Energies=             -1221.376425 
 Sum of electronic and thermal Enthalpies=           -1221.375481 
 Sum of electronic and thermal Free Energies=        -1221.436954 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000075     0.000450     YES 
 RMS     Force            0.000013     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1221.67294087', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 148.08420237 kcal/mol 
H_corr: 186.6591246 kcal/mol 
S_corr: 38.57494515 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.57089845 kcal/mol 
S_rot: 9.6135486 kcal/mol 
S_vib: 16.3904981 kcal/mol 
----------------------------------------- 
gs2_opt_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
46
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
18 
  
H     5.347    -3.468     1.277 
C     4.518    -3.646     0.587 
H     3.842    -4.386     1.018 
H     4.937    -4.040    -0.343 
O     4.470    -1.400    -0.240 
C     3.841    -2.329     0.291 
N     2.546    -2.214     0.620 
H     2.050    -2.972     1.065 
H     2.051    -1.335     0.438 
H     3.756     0.341    -0.489 
N     3.290     1.251    -0.567 
C     1.986     1.359    -0.275 
O     1.308     0.382     0.078 
C     1.360     2.728    -0.394 
H     3.832     2.057    -0.842 
H     1.023     3.047     0.596 
H     0.480     2.658    -1.039 
H     2.046     3.476    -0.797 
                     1                      2                      3 
47
                     A                      A                      A 
 Frequencies --    32.7013                55.8151                71.2300 
 Red. masses --     3.9216                 3.1817                 1.7939 
 Zero-point correction=                           0.151411 (Hartree/Particle) 
 Thermal correction to Energy=                    0.162422 
 Thermal correction to Enthalpy=                  0.163366 
 Thermal correction to Gibbs Free Energy=         0.113118 
 Sum of electronic and zero-point Energies=           -418.137669 
 Sum of electronic and thermal Energies=              -418.126658 
 Sum of electronic and thermal Enthalpies=            -418.125714 
 Sum of electronic and thermal Free Energies=         -418.175962 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000325     0.000450     YES 
 RMS     Force            0.000114     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-418.289079773', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 70.98267618 kcal/mol 
H_corr: 102.51379866 kcal/mol 
S_corr: 31.5311514 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 11.98950595 kcal/mol 
S_rot: 8.6779539 kcal/mol 
S_vib: 10.86369155 kcal/mol 
----------------------------------------- 
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ts1_ts_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
H     2.904    -2.153    -2.570 
H     3.131    -3.904    -2.400 
O     4.632    -1.886    -0.308 
C     3.779    -2.682    -0.724 
C     3.581    -2.929    -2.197 
N     2.988    -3.376     0.120 
H     2.981    -3.095     1.093 
H     2.135    -3.792    -0.235 
H     4.542    -2.844    -2.707 
H     3.821    -0.122    -0.347 
N     3.189     0.673    -0.458 
C     1.929     0.462    -0.851 
O     1.524    -0.698    -1.070 
B    -0.339    -1.242    -1.853 
C    -0.289    -0.671    -3.278 
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N    -1.301    -0.668    -0.924 
C    -1.122     0.356    -3.599 
C    -2.061     0.403    -1.361 
C    -2.014     0.917    -2.620 
H     0.369    -1.081    -4.043 
H    -1.135     0.779    -4.604 
H    -2.661     1.750    -2.872 
C     1.038     1.665    -0.998 
H    -2.742     0.838    -0.633 
Si    -1.586    -1.208     0.778 
C    -1.826     0.348     1.815 
C    -0.095    -2.121     1.460 
C    -3.164    -2.270     0.850 
H     3.536     1.604    -0.277 
H    -0.121    -3.191     1.237 
H    -0.071    -1.995     2.549 
H     0.829    -1.710     1.039 
C    -4.373    -1.496     0.306 
C    -3.418    -2.632     2.323 
C    -3.005    -3.560     0.035 
H    -2.765     0.876     1.625 
H    -1.003     1.055     1.660 
H    -1.817     0.067     2.875 
H    -3.588    -1.741     2.940 
H    -2.578    -3.190     2.757 
50
H    -4.313    -3.265     2.404 
H    -2.848    -3.346    -1.028 
H    -3.916    -4.170     0.127 
H    -2.160    -4.167     0.381 
H    -4.552    -0.563     0.855 
H    -5.280    -2.110     0.399 
H    -4.251    -1.250    -0.756 
H     0.247     1.613    -0.245 
H     0.557     1.634    -1.978 
H     1.584     2.603    -0.879 
Cl     0.058    -3.046    -1.678 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --  -235.9882                21.9846                32.4786 
 Red. masses --     8.6645                 5.7044                 2.6979 
 Zero-point correction=                           0.431191 (Hartree/Particle) 
 Thermal correction to Energy=                    0.460019 
 Thermal correction to Enthalpy=                  0.460963 
 Thermal correction to Gibbs Free Energy=         0.372004 
 Sum of electronic and zero-point Energies=          -1639.525176 
 Sum of electronic and thermal Energies=             -1639.496348 
 Sum of electronic and thermal Enthalpies=           -1639.495404 
 Sum of electronic and thermal Free Energies=        -1639.584363 
 
         Item               Value     Threshold  Converged? 
51
 Maximum Force            0.000100     0.000450     YES 
 RMS     Force            0.000015     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.95636711', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 233.43623004 kcal/mol 
H_corr: 289.25889213 kcal/mol 
S_corr: 55.8226245 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.3708496 kcal/mol 
S_vib: 32.50878525 kcal/mol 
----------------------------------------- 
int1_opt_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
H     3.493     0.126    -0.901 
H     4.133    -1.198    -1.899 
O     3.485    -1.493     1.322 
52
C     3.476    -1.736     0.106 
C     4.094    -0.788    -0.889 
N     2.938    -2.868    -0.376 
H     2.446    -3.488     0.255 
H     2.828    -3.019    -1.369 
H     5.105    -0.540    -0.553 
H     3.045     0.174     1.855 
N     2.580     1.074     2.052 
C     1.670     1.525     1.220 
O     1.445     0.818     0.178 
B     0.319     1.093    -0.856 
C     0.525     2.439    -1.637 
N    -1.031     0.952    -0.210 
C    -0.464     3.362    -1.691 
C    -1.941     1.986    -0.332 
C    -1.722     3.142    -1.013 
H     1.464     2.643    -2.154 
H    -0.335     4.297    -2.235 
H    -2.507     3.891    -1.042 
C     0.977     2.819     1.502 
H    -2.895     1.846     0.174 
Si    -1.562    -0.450     0.771 
C    -2.326     0.246     2.351 
C    -0.091    -1.518     1.245 
C    -2.876    -1.498    -0.134 
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H     2.820     1.593     2.887 
H     0.543    -1.754     0.387 
H    -0.457    -2.456     1.681 
H     0.532    -1.023     1.999 
C    -3.982    -0.620    -0.735 
C    -3.514    -2.455     0.887 
C    -2.241    -2.328    -1.257 
H    -3.321     0.679     2.199 
H    -1.680     1.023     2.776 
H    -2.423    -0.551     3.097 
H    -4.040    -1.917     1.684 
H    -2.774    -3.116     1.356 
H    -4.250    -3.097     0.382 
H    -1.807    -1.689    -2.033 
H    -3.004    -2.967    -1.726 
H    -1.444    -2.981    -0.881 
H    -4.491    -0.014     0.026 
H    -4.746    -1.256    -1.207 
H    -3.593     0.057    -1.505 
H    -0.100     2.713     1.354 
H     1.331     3.562     0.781 
H     1.187     3.161     2.516 
Cl     0.714    -0.417    -2.082 
                     1                      2                      3 
                     A                      A                      A 
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 Frequencies --    27.0404                42.9343                47.5107 
 Red. masses --     5.2754                 3.4590                 5.1712 
 Zero-point correction=                           0.432641 (Hartree/Particle) 
 Thermal correction to Energy=                    0.461215 
 Thermal correction to Enthalpy=                  0.462159 
 Thermal correction to Gibbs Free Energy=         0.375128 
 Sum of electronic and zero-point Energies=          -1639.534289 
 Sum of electronic and thermal Energies=             -1639.505714 
 Sum of electronic and thermal Enthalpies=           -1639.504770 
 Sum of electronic and thermal Free Energies=        -1639.591802 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000128     0.000450     YES 
 RMS     Force            0.000014     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.96692961', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 235.39657128 kcal/mol 
H_corr: 290.00939409 kcal/mol 
S_corr: 54.6133281 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.3380531 kcal/mol 
S_vib: 31.3319872 kcal/mol 
----------------------------------------- 
int1_opt_m062x_631pd_acetonitrile_irc8_ts_m062x_631pd_acetonitrile.log 
55
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
H     3.285     0.116    -1.221 
H     3.664    -1.178    -2.367 
O     3.347    -1.848     0.828 
C     3.061    -1.818    -0.381 
C     3.753    -0.868    -1.324 
N     2.136    -2.640    -0.907 
H     1.572    -3.187    -0.268 
H     1.707    -2.382    -1.790 
H     4.806    -0.797    -1.041 
H     3.173    -0.193     1.523 
N     2.836     0.720     1.868 
C     1.853     1.336     1.269 
O     1.379     0.786     0.204 
B     0.252     1.375    -0.568 
C     0.500     2.709    -1.289 
N    -1.079     1.119    -0.034 
56
C    -0.567     3.505    -1.562 
C    -2.086     1.993    -0.413 
C    -1.890     3.124    -1.142 
H     1.495     3.020    -1.607 
H    -0.449     4.450    -2.091 
H    -2.745     3.751    -1.372 
C     1.314     2.616     1.820 
H    -3.089     1.753    -0.069 
Si    -1.618    -0.286     0.967 
C    -2.780     0.440     2.262 
C    -0.172    -1.082     1.860 
C    -2.533    -1.603    -0.071 
H     3.243     1.106     2.711 
H     0.627    -1.404     1.186 
H    -0.551    -1.967     2.388 
H     0.259    -0.417     2.618 
C    -3.290    -0.965    -1.242 
C    -3.537    -2.322     0.846 
C    -1.545    -2.644    -0.620 
H    -3.760     0.723     1.864 
H    -2.330     1.329     2.719 
H    -2.950    -0.297     3.055 
H    -4.317    -1.645     1.213 
H    -3.049    -2.778     1.718 
H    -4.033    -3.130     0.289 
57
H    -0.788    -2.179    -1.261 
H    -2.088    -3.390    -1.219 
H    -1.036    -3.183     0.190 
H    -4.048    -0.249    -0.901 
H    -3.814    -1.744    -1.815 
H    -2.607    -0.444    -1.923 
H     0.229     2.535     1.935 
H     1.508     3.423     1.108 
H     1.774     2.850     2.780 
Cl     0.507    -0.153    -2.398 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --  -135.4186                30.3257                47.5513 
 Red. masses --    10.8644                 6.1378                 3.7898 
 Zero-point correction=                           0.433487 (Hartree/Particle) 
 Thermal correction to Energy=                    0.461187 
 Thermal correction to Enthalpy=                  0.462131 
 Thermal correction to Gibbs Free Energy=         0.377344 
 Sum of electronic and zero-point Energies=          -1639.530551 
 Sum of electronic and thermal Energies=             -1639.502850 
 Sum of electronic and thermal Enthalpies=           -1639.501906 
 Sum of electronic and thermal Free Energies=        -1639.586693 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000020     0.000450     YES 
58
 RMS     Force            0.000003     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.96403734', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 236.78713344 kcal/mol 
H_corr: 289.99182381 kcal/mol 
S_corr: 53.20456935 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.31688445 kcal/mol 
S_vib: 29.9449934 kcal/mol 
----------------------------------------- 
int2_opt_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
H     2.163    -0.362    -1.138 
H     2.666    -1.465    -2.451 
O     2.556    -2.211     0.763 
C     2.532    -2.354    -0.477 
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C     2.817    -1.198    -1.402 
N     2.262    -3.529    -1.043 
H     2.047    -4.322    -0.451 
H     2.173    -3.628    -2.059 
H     3.853    -0.877    -1.253 
H     2.738    -0.688     1.402 
N     2.822     0.267     1.835 
C     1.975     1.211     1.565 
O     1.004     0.910     0.756 
B     0.016     1.830     0.235 
C     0.362     3.044    -0.582 
N    -1.350     1.494     0.491 
C    -0.688     3.799    -1.044 
C    -2.318     2.326    -0.022 
C    -2.036     3.444    -0.757 
H     1.376     3.343    -0.839 
H    -0.510     4.688    -1.647 
H    -2.857     4.049    -1.123 
C     2.091     2.570     2.171 
H    -3.351     2.057     0.182 
Si    -1.913    -0.030     1.330 
C    -3.558     0.370     2.139 
C    -0.693    -0.532     2.662 
C    -2.088    -1.347    -0.021 
H     3.586     0.451     2.475 
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H     0.203    -1.019     2.263 
H    -1.190    -1.240     3.335 
H    -0.386     0.330     3.265 
C    -3.084    -0.891    -1.095 
C    -2.598    -2.642     0.634 
C    -0.725    -1.611    -0.676 
H    -4.390     0.461     1.435 
H    -3.495     1.298     2.719 
H    -3.805    -0.439     2.836 
H    -3.579    -2.502     1.104 
H    -1.904    -3.013     1.398 
H    -2.704    -3.428    -0.126 
H    -0.338    -0.716    -1.180 
H    -0.816    -2.401    -1.436 
H     0.019    -1.940     0.058 
H    -4.079    -0.693    -0.677 
H    -3.197    -1.676    -1.856 
H    -2.742     0.016    -1.609 
H     1.122     2.879     2.573 
H     2.380     3.288     1.399 
H     2.837     2.578     2.964 
Cl     1.865    -3.575    -4.279 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --    16.4510                17.3165                29.3350 
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 Red. masses --     6.2420                 7.1813                 4.5545 
 Zero-point correction=                           0.433727 (Hartree/Particle) 
 Thermal correction to Energy=                    0.462822 
 Thermal correction to Enthalpy=                  0.463766 
 Thermal correction to Gibbs Free Energy=         0.371538 
 Sum of electronic and zero-point Energies=          -1639.546992 
 Sum of electronic and thermal Energies=             -1639.517897 
 Sum of electronic and thermal Enthalpies=           -1639.516953 
 Sum of electronic and thermal Free Energies=        -1639.609181 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000023     0.000450     YES 
 RMS     Force            0.000004     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.98071868', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 233.14381038 kcal/mol 
H_corr: 291.01780266 kcal/mol 
S_corr: 57.8738965 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.5396025 kcal/mol 
S_vib: 34.39130435 kcal/mol 
----------------------------------------- 
ts2_ts_m062x_631pd_acetonitrile.log 
----------------------------------------- 
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#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
Cl    -0.860    -0.296    -7.658 
Si     1.638     5.991    -5.696 
C     2.645     4.842    -6.789 
C     2.409     5.957    -3.977 
C     1.658     7.765    -6.384 
C     0.789     8.684    -5.513 
C     1.115     7.793    -7.819 
C     3.105     8.284    -6.377 
H    -0.264     8.378    -5.529 
H     0.841     9.715    -5.892 
H     1.122     8.702    -4.468 
H     0.084     7.426    -7.865 
H     1.719     7.180    -8.499 
H     1.125     8.824    -8.202 
H     3.522     8.317    -5.363 
H     3.140     9.306    -6.781 
H     3.765     7.664    -6.996 
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H     2.523     3.796    -6.489 
H     3.705     5.100    -6.674 
H     2.391     4.935    -7.848 
H     2.177     5.014    -3.470 
H     2.087     6.780    -3.330 
H     3.499     6.023    -4.073 
O    -0.235     4.760    -7.979 
B    -0.798     4.694    -6.567 
C    -2.341     4.654    -6.414 
N    -0.065     5.453    -5.543 
C    -2.903     5.133    -5.275 
C    -0.750     5.858    -4.411 
C    -2.090     5.710    -4.231 
H    -2.983     4.233    -7.188 
H    -3.982     5.104    -5.121 
H    -2.539     6.064    -3.310 
H    -0.159     6.342    -3.636 
C     0.060     3.471    -8.023 
C     0.560     2.857    -9.283 
H     1.582     3.206    -9.467 
H    -0.054     3.178   -10.129 
H     0.566     1.767    -9.204 
N    -0.154     2.966    -6.861 
H    -0.082     1.959    -6.717 
H    -2.888     3.581   -10.709 
64
H    -4.352     2.612   -10.502 
H    -3.303     2.333   -11.920 
C    -3.320     2.589   -10.862 
C    -2.560     1.609   -10.043 
O    -2.463     1.867    -8.781 
H    -2.091     0.354   -11.557 
N    -2.010     0.546   -10.565 
H    -1.500    -0.117    -9.976 
H    -1.931     1.152    -8.274 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --  -292.4151                15.5957                18.0307 
 Red. masses --     5.4985                 3.8483                 4.6987 
 Zero-point correction=                           0.431015 (Hartree/Particle) 
 Thermal correction to Energy=                    0.459372 
 Thermal correction to Enthalpy=                  0.460316 
 Thermal correction to Gibbs Free Energy=         0.370105 
 Sum of electronic and zero-point Energies=          -1639.506533 
 Sum of electronic and thermal Energies=             -1639.478176 
 Sum of electronic and thermal Enthalpies=           -1639.477232 
 Sum of electronic and thermal Free Energies=        -1639.567443 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000216     0.000450     YES 
 RMS     Force            0.000021     0.000300     YES 
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SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.93754830', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 232.24458855 kcal/mol 
H_corr: 288.85289316 kcal/mol 
S_corr: 56.60824975 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.5193283 kcal/mol 
S_vib: 33.14622995 kcal/mol 
----------------------------------------- 
ts4_scan7_ts_m062x_631pd_acetonitrile_ts_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
H     3.538    -3.503    -0.573 
H     5.163    -4.104    -0.655 
N     4.531    -3.337    -0.472 
C     4.967    -2.125    -0.099 
O     4.182    -1.193     0.126 
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H     7.029    -2.811    -0.275 
C     6.456    -1.940     0.049 
H     6.675    -1.737     1.100 
H     6.759    -1.066    -0.532 
Cl    -5.137    -0.155    -1.090 
H     0.577    -2.429    -1.138 
C     0.298    -0.527    -0.192 
O    -0.695     0.218    -0.283 
C     0.192    -2.035    -0.191 
H    -0.845    -2.349    -0.076 
H     0.793    -2.458     0.619 
B     1.962     1.383    -0.081 
C     1.110     2.633    -0.205 
N     3.375     1.602     0.074 
C     1.749     3.849    -0.157 
C     3.931     2.844     0.115 
C     3.161     3.969     0.005 
H     0.033     2.614    -0.334 
H     1.175     4.771    -0.243 
H     3.634     4.944     0.043 
H     5.009     2.891     0.236 
Si    -2.902    -0.020    -0.523 
C    -2.487    -1.229    -1.917 
C    -2.751     1.837    -0.781 
C    -3.131    -0.565     1.316 
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C    -1.864    -0.438     2.180 
C    -3.623    -2.019     1.386 
C    -4.188     0.351     1.967 
H    -1.090    -1.160     1.905 
H    -2.131    -0.637     3.226 
H    -1.426     0.564     2.127 
H    -2.880    -2.723     0.991 
H    -4.554    -2.161     0.828 
H    -3.811    -2.296     2.433 
H    -3.898     1.408     1.910 
H    -4.280     0.092     3.031 
H    -5.172     0.242     1.507 
H    -1.423    -1.292    -2.147 
H    -3.019    -0.905    -2.817 
H    -2.859    -2.230    -1.667 
H    -2.179     2.043    -1.693 
H    -2.200     2.274     0.058 
H    -3.727     2.320    -0.857 
N     1.545    -0.029    -0.095 
H     2.289    -0.726    -0.024 
H     4.012     0.808     0.156 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --   -93.8658                15.8249                20.1582 
 Red. masses --     9.3225                 4.4004                 3.9881 
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 Zero-point correction=                           0.434575 (Hartree/Particle) 
 Thermal correction to Energy=                    0.463102 
 Thermal correction to Enthalpy=                  0.464046 
 Thermal correction to Gibbs Free Energy=         0.372977 
 Sum of electronic and zero-point Energies=          -1639.542023 
 Sum of electronic and thermal Energies=             -1639.513496 
 Sum of electronic and thermal Enthalpies=           -1639.512552 
 Sum of electronic and thermal Free Energies=        -1639.603621 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000095     0.000450     YES 
 RMS     Force            0.000020     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.97659822', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 234.04679727 kcal/mol 
H_corr: 291.19350546 kcal/mol 
S_corr: 57.14670865 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.67347185 kcal/mol 
S_vib: 33.53024715 kcal/mol 
----------------------------------------- 
TS5_30_m062x_631pd_acetonitrile_ts_m062x_631pd_acetonitrile.log 
----------------------------------------- 
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#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
H     2.797    -1.610     1.502 
H     6.425     0.075     1.606 
N     5.556    -0.213     2.039 
H     5.571    -0.466     3.017 
O     4.430     0.041     0.103 
C     4.435    -0.265     1.304 
H     3.329    -0.936     3.062 
C     3.175    -0.715     2.005 
H     2.420     0.072     1.912 
H     2.661    -2.747    -1.335 
H     2.391    -2.703    -3.094 
H     3.604    -1.628    -2.329 
C     2.624    -2.098    -2.218 
C     1.543    -1.071    -2.011 
H     2.810    -0.040    -0.781 
O     0.441    -1.156    -2.554 
N     1.848    -0.048    -1.146 
Cl    -3.346    -3.022     0.179 
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B     1.002     1.052    -0.784 
H    -0.520     0.502    -2.075 
H    -0.271    -2.360    -0.314 
C     1.521     2.287    -0.043 
H     2.503     2.329     0.423 
N    -0.420     1.064    -1.218 
C    -1.056     2.331    -1.310 
H    -2.008     2.342    -1.830 
C    -0.522     3.440    -0.767 
C     0.767     3.415    -0.098 
H    -1.073     4.372    -0.837 
H     1.118     4.348     0.338 
H    -2.284    -1.326    -2.410 
C    -0.484    -1.589     0.429 
H     0.443    -1.081     0.703 
H    -0.886    -2.081     1.318 
Si    -1.796    -0.410    -0.178 
C    -2.752    -0.566    -1.777 
H    -2.800     0.377    -2.331 
H    -0.889     2.031     1.428 
H    -3.770    -0.887    -1.554 
H    -0.695     0.567     2.412 
C    -1.425     1.290     2.026 
H    -3.140     2.442     0.190 
C    -2.554     0.599     1.244 
71
C    -3.589     1.628     0.764 
H    -4.371     1.163     0.153 
H    -2.612    -1.149     2.595 
H    -1.856     1.815     2.890 
C    -3.272    -0.360     2.218 
H    -4.136    -0.844     1.757 
H    -4.077     2.079     1.639 
H    -3.617     0.231     3.077 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --  -162.9679                24.1656                34.0219 
 Red. masses --     9.9540                 4.9764                 4.5254 
 Zero-point correction=                           0.433653 (Hartree/Particle) 
 Thermal correction to Energy=                    0.462568 
 Thermal correction to Enthalpy=                  0.463512 
 Thermal correction to Gibbs Free Energy=         0.373331 
 Sum of electronic and zero-point Energies=          -1639.499276 
 Sum of electronic and thermal Energies=             -1639.470360 
 Sum of electronic and thermal Enthalpies=           -1639.469416 
 Sum of electronic and thermal Free Energies=        -1639.559598 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000129     0.000450     YES 
 RMS     Force            0.000025     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.93292865', 'A.U.', 'after', '1', 'cycles'] 
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MP2: no data 
G_corr: 234.26893581 kcal/mol 
H_corr: 290.85841512 kcal/mol 
S_corr: 56.58976445 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.4907059 kcal/mol 
S_vib: 33.15577075 kcal/mol 
----------------------------------------- 
INTER-3_opt_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
O    -0.528    -2.258    -2.868 
H     1.560    -3.695    -3.159 
H     2.513    -2.219    -2.852 
C     0.482    -2.116    -2.198 
C     1.751    -2.894    -2.445 
H     2.140    -3.310    -1.510 
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Cl     2.405    -1.355     1.593 
Si     1.205     1.942     0.149 
C     2.516     1.235    -0.976 
C     1.878     2.348     1.841 
C     0.321     3.416    -0.654 
C    -0.408     4.286     0.380 
C    -0.652     3.001    -1.764 
C     1.450     4.261    -1.285 
H    -1.211     3.743     0.888 
H    -0.860     5.150    -0.127 
H     0.279     4.673     1.141 
H    -1.555     2.539    -1.358 
H    -0.201     2.299    -2.478 
H    -0.960     3.891    -2.330 
H     2.225     4.541    -0.559 
H     1.019     5.192    -1.676 
H     1.934     3.743    -2.120 
H     2.971     0.339    -0.545 
H     3.301     1.995    -1.068 
H     2.145     1.007    -1.980 
H     2.331     1.460     2.294 
H     1.124     2.753     2.522 
H     2.661     3.108     1.727 
B    -0.474    -0.374    -0.644 
C    -1.918    -0.222    -1.147 
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N    -0.044     0.500     0.536 
C    -2.797     0.425    -0.349 
C    -1.127     1.022     1.346 
C    -2.398     1.006     0.927 
H    -2.257    -0.660    -2.079 
H    -3.844     0.523    -0.629 
H    -3.153     1.447     1.570 
H    -0.820     1.447     2.295 
N     0.564    -1.202    -1.159 
H     1.425    -1.270    -0.612 
H    -2.319    -3.331    -0.846 
H    -2.996    -3.809     0.719 
H    -1.877    -4.904    -0.142 
C    -2.105    -3.862     0.089 
C    -0.969    -3.143     0.774 
O    -1.134    -2.029     1.288 
N     0.237    -3.738     0.753 
H     0.559    -0.116     1.134 
H     1.037    -3.231     1.131 
H     0.376    -4.650     0.341 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --    33.4104                40.3470                51.3238 
 Red. masses --     5.4088                 5.2202                 3.8335 
 Zero-point correction=                           0.433496 (Hartree/Particle) 
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 Thermal correction to Energy=                    0.462615 
 Thermal correction to Enthalpy=                  0.463559 
 Thermal correction to Gibbs Free Energy=         0.374642 
 Sum of electronic and zero-point Energies=          -1639.520624 
 Sum of electronic and thermal Energies=             -1639.491504 
 Sum of electronic and thermal Enthalpies=           -1639.490560 
 Sum of electronic and thermal Free Energies=        -1639.579478 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000157     0.000450     YES 
 RMS     Force            0.000015     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.95411951', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 235.09160142 kcal/mol 
H_corr: 290.88790809 kcal/mol 
S_corr: 55.79668545 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.33894755 kcal/mol 
S_vib: 32.51474825 kcal/mol 
----------------------------------------- 
pentavalent_Si_intermediate.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
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----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
51 
  
H     3.364     3.498    -3.020 
H     4.945     4.169    -3.258 
N     4.368     3.370    -3.040 
C     4.889     2.159    -2.799 
O     4.171     1.182    -2.536 
H     6.897     2.981    -2.989 
C     6.388     2.023    -2.873 
H     6.636     1.381    -3.722 
H     6.739     1.529    -1.964 
Cl    -3.799     1.314     2.303 
H     1.043     2.959    -0.911 
C     0.833     0.865    -0.550 
O     0.082     0.300     0.293 
C     0.446     2.121    -1.288 
H    -0.609     2.354    -1.154 
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H     0.661     2.009    -2.354 
B     2.694    -0.829    -0.231 
C     2.180    -1.781     0.827 
N     4.004    -1.100    -0.746 
C     3.003    -2.818     1.200 
C     4.757    -2.152    -0.325 
C     4.294    -3.016     0.630 
H     1.210    -1.688     1.305 
H     2.675    -3.527     1.959 
H     4.917    -3.846     0.944 
H     5.735    -2.266    -0.783 
Si    -1.674     0.687     1.039 
C    -1.174     2.457     1.487 
C    -1.372    -0.716     2.254 
C    -2.700     0.181    -0.523 
C    -1.829    -0.431    -1.636 
C    -3.470     1.375    -1.106 
C    -3.707    -0.915    -0.121 
H    -1.160     0.295    -2.108 
H    -2.487    -0.814    -2.428 
H    -1.222    -1.269    -1.274 
H    -2.801     2.175    -1.445 
H    -4.163     1.799    -0.375 
H    -4.052     1.047    -1.980 
H    -3.198    -1.807     0.266 
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H    -4.275    -1.222    -1.011 
H    -4.415    -0.569     0.634 
H    -0.170     2.728     1.153 
H    -1.212     2.551     2.577 
H    -1.889     3.178     1.077 
H    -0.587    -0.426     2.963 
H    -1.016    -1.596     1.707 
H    -2.270    -0.982     2.812 
N     2.033     0.361    -0.819 
H     2.575     0.878    -1.517 
H     4.416    -0.491    -1.456 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --    19.2253                24.1556                29.5808 
 Red. masses --     3.4599                 4.3148                 4.0926 
 Zero-point correction=                           0.435614 (Hartree/Particle) 
 Thermal correction to Energy=                    0.464588 
 Thermal correction to Enthalpy=                  0.465532 
 Thermal correction to Gibbs Free Energy=         0.374016 
 Sum of electronic and zero-point Energies=          -1639.541561 
 Sum of electronic and thermal Energies=             -1639.512587 
 Sum of electronic and thermal Enthalpies=           -1639.511642 
 Sum of electronic and thermal Free Energies=        -1639.603158 
 
         Item               Value     Threshold  Converged? 
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 Maximum Force            0.000180     0.000450     YES 
 RMS     Force            0.000030     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-1639.97717472', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 234.69878016 kcal/mol 
H_corr: 292.12598532 kcal/mol 
S_corr: 57.42696965 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.94298965 kcal/mol 
S_rot: 10.64783095 kcal/mol 
S_vib: 33.83614905 kcal/mol 
----------------------------------------- 
prod1_opt_m062x_631pd_acetonitrile.log 
----------------------------------------- 
  
#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
23 
  
H    -1.553     1.225     0.301 
H     0.566     0.556    -1.793 
Cl    -2.518    -0.486    -2.413 
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H    -2.704     0.001     0.874 
C    -1.663     0.173     0.583 
C     0.537    -0.497    -1.494 
Si    -1.161    -0.930    -0.843 
H     0.805    -1.107    -2.362 
H    -1.026    -0.012     1.455 
H     1.294    -0.649    -0.717 
H    -3.539    -2.787    -0.636 
H    -2.961    -2.506     1.019 
C    -1.356    -2.772    -0.452 
H    -1.849    -3.420    -2.486 
C    -2.763    -3.055     0.091 
H    -0.111    -3.455    -2.126 
H    -0.444    -2.551     1.538 
C    -1.109    -3.624    -1.704 
H     0.712    -2.986     0.261 
C    -0.314    -3.136     0.620 
H    -2.867    -4.127     0.311 
H    -1.181    -4.690    -1.446 
H    -0.417    -4.196     0.889 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --     7.0093               128.2354               137.3776 
 Red. masses --     2.6348                 1.6062                 1.9980 
 Zero-point correction=                           0.199178 (Hartree/Particle) 
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 Thermal correction to Energy=                    0.211869 
 Thermal correction to Enthalpy=                  0.212814 
 Thermal correction to Gibbs Free Energy=         0.159853 
 Sum of electronic and zero-point Energies=           -987.062636 
 Sum of electronic and thermal Energies=              -987.049944 
 Sum of electronic and thermal Enthalpies=            -987.049000 
 Sum of electronic and thermal Free Energies=         -987.101961 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000017     0.000450     YES 
 RMS     Force            0.000005     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-987.261813739', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 100.30935603 kcal/mol 
H_corr: 133.54291314 kcal/mol 
S_corr: 33.23328975 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.2026832 kcal/mol 
S_rot: 8.82017145 kcal/mol 
S_vib: 12.21073325 kcal/mol 
----------------------------------------- 
prod2_opt_m062x_631pd_acetonitrile_irc13_m062x_631pd_acetonitrile_opt_m062x_63
1pd_acetonitrile.log 
----------------------------------------- 
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#p m062x/6-31+G* freq geom=check guess=check scrf=(pcm,solvent=acetoni   
  
----------------------------------------- 
 Cartesian coordinates (Angstroms): 
----------------------------------------- 
28 
  
H     3.786    -0.274    -0.872 
H     2.178    -0.714    -0.241 
H     3.994    -0.813    -3.090 
C     2.717    -0.062    -0.935 
N     3.015    -0.651    -3.279 
C     2.155    -0.258    -2.323 
H     2.536     0.972    -0.628 
H     2.680    -0.792    -4.223 
O     0.958    -0.063    -2.568 
H     0.634     3.194    -1.087 
H    -0.470     2.381    -2.206 
H    -1.017     3.816    -1.283 
C    -0.411     2.909    -1.251 
C    -0.862     2.040    -0.098 
H    -0.118     0.432    -1.076 
O    -1.417     2.526     0.892 
N    -0.588     0.712    -0.210 
B    -0.824    -0.325     0.792 
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H    -1.702     0.951     2.248 
C    -0.449    -1.786     0.588 
H     0.005    -2.168    -0.326 
N    -1.427    -0.008     2.056 
C    -1.647    -0.944     3.023 
H    -2.107    -0.594     3.941 
C    -1.302    -2.254     2.838 
C    -0.701    -2.667     1.608 
H    -1.491    -2.970     3.629 
H    -0.448    -3.722     1.503 
                     1                      2                      3 
                     A                      A                      A 
 Frequencies --    14.8461                29.3890                36.9396 
 Red. masses --     3.1069                 3.6386                 2.6236 
 Zero-point correction=                           0.231137 (Hartree/Particle) 
 Thermal correction to Energy=                    0.247352 
 Thermal correction to Enthalpy=                  0.248296 
 Thermal correction to Gibbs Free Energy=         0.183263 
 Sum of electronic and zero-point Energies=           -652.492525 
 Sum of electronic and thermal Energies=              -652.476310 
 Sum of electronic and thermal Enthalpies=            -652.475366 
 Sum of electronic and thermal Free Energies=         -652.540399 
 
         Item               Value     Threshold  Converged? 
 Maximum Force            0.000268     0.000450     YES 
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 RMS     Force            0.000063     0.000300     YES 
SCF: ['SCF', 'Done:', 'E(RM062X)', '=', '-652.723661574', 'A.U.', 'after', '1', 'cycles'] 
MP2: no data 
G_corr: 114.99936513 kcal/mol 
H_corr: 155.80822296 kcal/mol 
S_corr: 40.8089831 kcal/mol 
S_elec: 0.0 kcal/mol 
S_trans: 12.43613465 kcal/mol 
S_rot: 9.66691745 kcal/mol 
S_vib: 18.705931 kcal/mol 
1.5.3 Spectral Library 
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Chapter 2 
Late-Stage Functionalization of the Carbon Backbone of 1,2-Azaborines Enabled by 
Iridium Catalyzed C–H Borylation 
2.1 Introduction 
 Consistent with the primary research goal of our laboratory—to increase the 
structural diversity of organic molecules via BN/CC isosterism of arenes—we seek to 
significantly broaden the synthetic viability of monocyclic 1,2-azaborines [hereafter 
abbreviated azaborine(s)] as versatile intermediates in synthesis. Indeed, despite recent 
advances in the incorporation of the BN isostere of benzene into structural motifs 
important to materials science1 and medicinal chemistry,2 development of azaborines in 
these areas has been hampered by the lack of synthetic tools capable of facilitating late-
stage functionalization at all ring positions of an assembled azaborine core.  
As a consequence of the low symmetry of the azaborine heterocycle, a set of six 
isomers with distinct chemical and physical properties could be obtained via 
monosubstitution with a single moiety at one of the six ring positions (Scheme 2.1).  
Access to such sets of azaborines would allow precise matching of structure to a desired 
function, and would contribute to the fundamental knowledge of the properties of 
azaborines. The development of synthetic methods suitable for selective functionalization 
of the carbon backbone atoms of azaborines is necessary to unlock the potential 
applications of these BN arenes.  
 
                                                          
1 (a) Marwitz, A. J. V.; Lamm, A. N.; Zakharov, L. N.; Vasiliu, M. Dixon, D. A.; Liu, S.-Y. Chem. Sci. 
2012, 3, 825-829; (b) Taniguchi, T.; Yamaguchi, S. Organometallics, 2010, 29, 5732-5735. 
2 (a) Knack, D. H.; Marshall, J. L.; Harlow, G. P.; Dudzik, A.; Szaleniec, M.; Liu, S.-Y.; Heider, J. Angew. 
Chem. Int. Ed. 2013, 52, 2599-2601; (b) Rudebusch, G. E.; Zakharov, L. N.; Liu, S.-Y. Angew. Chem. Int. 
Ed. 2013, 52, 9316-9319. 
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 Recent contributions from several research groups provide a number of attractive 
methods to carry out substitution at the N, B, and C3 atoms. Liu and coworkers 
demonstrated early on that the electrophilic nature of the boron atom in azaborines such 
as 2.1 and 2.2 allowed facile boron substitution with a wide variety of nucleophiles via an 
addition-elimination pathway involving expulsion of a chloride ion (Scheme 2.2, eq. 1).3 
Subsequently, Liu demonstrated that a nucleophilic aromatic substitution protocol 
starting from the parent azaborine 2.4 further extended the options for functionalization at 
boron and nitrogen (Scheme 2.2, eq. 2).4 Liu demonstrated in 2013 that azaborine 2.5 
bearing an n-butoxide group at boron cleanly underwent boron- and nitrogen-substitution 
with various nucleophiles and electrophiles (Scheme 2.2, eq. 3)5 and that a Rh-catalyzed 
protocol granted access to boron-substituted azaborines not accessible through 
nucleophilic substitution routes, e.g. 2.6 (Scheme 2.2, eq. 4).2b Liu showed recently that 
B-H azaborines serve as suitable precursors to BN-stilbene analogs via Rh catalyzed 
                                                          
3 (a) Marwitz, A. J. V.; Abbey, E. R.; Jenkins, J. T.; Zakharov, L. N.; Liu, S.-Y. Org. Lett. 2007, 9, 4905-
4908; (b) Marwitz, A. J. V.; Matus, M. H.; Zakharov, L. N.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. 
Ed. 2009, 48, 973-977. 
4 Lamm, A. N.; Garner, E. B.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. Ed. 2011, 50, 8157-8160. 
5 Abbey, E. R.; Lamm, A. N.; Baggett, A. W.; Zakharov, L. N.; Liu, S.-Y. J. Am. Chem. Soc. 2013, 135, 
12908-12913. 
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dehydrogenative borylation of styrenes (Scheme 2.2, eq. 5)6 and that the C3-Br azaborine 
2.7, generated via an EAS route pioneered by Ashe and coworkers,7 cleanly undergoes 
Negishi coupling in the presence of a highly sensitive boron substituent to generate a 
diverse library of C3-functionalized products capable of undergoing further synthetic 
elaboration at the B and N atoms (Scheme 2.2, eq. 6).8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
6 Brown, A. N.; Zakharov, L. N.; Mikulas, T.; Dixon, D. A.; Liu, S.-Y. Org. Lett. 2014, 16, 3340-3343. 
7 Pan, J.; Kampf, J. W.; Ashe, A. J., III Org. Lett. 2007, 9, 679-681. 
 
8 Brown, A. N.; Li, B.; Liu, S.-Y. J. Am. Chem. Soc. 2015, 137, 8932-8935. 
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 In contrast to the number of powerful synthetic options available for 
functionalization at the N, B, or C3 atoms of azaborines (vide supra), there are no similar 
protocols available for broad elaboration of the C4, C5, or C6 ring positions. A limited 
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number of C6-substituted azaborines have been synthesized, but in each case the 
substituent at the C6 position was installed prior to formation of the aromatic azaborine 
core, and the methods are not suitable for accessing a diverse array of derivatives. The 
first monocyclic azaborine ever synthesized bore substituents at the B, C3, and C6 
positions—Dewar and coworker obtained 2.10 via a two-step protocol involving 
formation of fused azaborine 2.9 from the reaction of methyl 2-styryl-3-aminothiophene-
5-carboxylate with phenyl boron dichloride followed by desulfurization with Raney 
nickel (Scheme 2.3).9  
 
 
Many decades later, Yamaguchi and coworkers serendipitously isolated a 
different B, C3, C6-trisubstituted azaborine during attempts to remove a Boc protecting 
group from N-Boc-protected bis(phenylpyrrolyl)borane 2.11 bearing a bulky 2,4,6-
triisopropylphenyl group on the boron atom (Scheme 2.4).1b Azaborine 2.12 presumably 
results from a Lewis-acid catalyzed ring expansion of a B-bound pyrrole, although the 
precise mechanism remains unclear and attempts to increase the yield of 2.12 by using 
different Lewis acids were unsuccessful.  
 
 
                                                          
9 Dewar, M. J. S.; Marr, P. A. J. Am. Chem. Soc. 1962, 84, 3782. 
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Braunschweig and coworkers recently reported three methods to generate highly-
substituted azaborines bearing C6 functionalization. In the first example, iminoborane 
2.1310 reacts with polar alkynes in the presence of [{(iPr3P)2RhCl}2] to produce C6-
substituted 1,2-di-tert-butyl-4,6-diferrocenyl-1,2-azaborine 2.15 (Scheme 2.5, eq. 1) and 
C5-borylated 1,2-di-tert-butyl-6-phenyl-5-pinacolato-1,2-azaborine 2.18 (Scheme 2.5, eq. 
2).11 The latter compound represents the first example of an azaborine boronic ester; 
however, no synthetic elaboration of this moiety was pursued in this report.  
 
 
                                                          
10 Braunschweig, H.; Damme, A.; Jiminez-Halla, J. O. C.; Pfaffinger, B.; Radacki, K.; Wolf, J. Angew. 
Chem. Int. Ed. 2012, 51, 10034-10037. 
11 Braunschweig, H.; Geetharani, K.; Jimenez-Halla, J. O. C.; Schafer, M. Angew. Chem. Int. Ed. 2014, 53, 
3500-3504. 
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In the second example, 1,2,3,4,5-pentaarylated boroles were shown to react in 
excellent yield with an array of organic azides to yield 1,2,3,4,5,6-hexasubstituted 
azaborines (Scheme 2.6).12 As an extension of this chemistry, the Braunschweig group 
showed in the final example that if both the azide and borole reaction partners bear 
mesityl groups, extrusion of dinitrogen does not occur and BN azo compound 2.21 is 
formed in good yield (Scheme 2.7).13 
 
 
 
 
Only one prior example exists that involves substituting a preformed azaborine 
core at a position besides N, B, or C3. During their studies on the reactivity of azaborines 
towards EAS, Ashe and coworkers reported formation of C5-substituted 2.23 (Scheme 
2.8, eq. 1) and 2.24 (Scheme 2.8, eq. 2), demonstrating the propensity of azaborines to 
react with certain carbon-based electrophiles at the C5 position.7 This work was not 
pursued further, and demonstrated that azaborines react with most electrophiles via EAS 
                                                          
12 Braunschweig, H.; Horl, C.; Mailander, L.; Radacki, K.; Wahler, J. Chem. Eur. J. 2014, 20, 9858-9861. 
13 Braunschweig, H.; Celik, M. A.; Hupp, F.; Krummenacher, I.; Mailander, L. Angew. Chem. Int. Ed. 
2015, 54, 6347-6351. 
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at the C3 position. Furthermore, the protocol relies on the innate electron richness of the 
C3 and C5 ring positions, preventing this method from being extended to accomplish 
functionalization at the C6 or C4 ring positions. 
 
 
 The selection of an appropriate strategy to address the synthetic limitations 
remaining unaddressed in the light of the above results was made by considering several 
key factors. The functionalization method : 1) must be relatively mild and tolerant of a 
wide variety of functional groups; 2) it must install a functional group that can be 
transformed into a wide variety of other groups via well-established interconversions; 3) 
it must allow control over selective functionalization of the C4, C5, or C6 positions to 
give a single product regioisomer; and 4) it must allow the use of C–H bonds as the 
starting functional group in the azaborine. Based on these criteria, the powerful method 
of iridium catalyzed C–H borylation developed primarily by Hartwig, Miyaura, Marder, 
and Smith was identified as ideal.14 The iridium catalyzed C–H borylation is remarkably 
tolerant of a wide range of functional groups, installs a B(pin) functional group that, in 
                                                          
14 For reviews of metal-catalyzed C–H borylation of arenes, see: (a) Mkhalid, I. A. I.; Barnard, J. H.; 
Marder, T. B.; Murphy, J. M.; Hartwig, J. F. Chem. Rev. 2010, 110, 890-931; (b) Hartwig, J. F. Chem. Soc. 
Rev. 2011, 40, 1992-2002; (c) Hartwig, J. F. Acc. Chem. Res. 2012, 45, 864-873. 
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addition to participating in Suzuki-Miyaura cross coupling, can be readily transformed 
into groups such as F,15 Br and Cl,16 I,17 CF3 and perfluoroalkyl,
18 CN,19 N3,
20 COOH,21 
COOR,22 OH,23 NH2,
24 B(OH)2,
25 BF3K,
26 OR,27 and SR,28 and proceeds with well-
established regioselectivity governed primarily by the steric profile of the substrate in the 
absence of directing groups.29 A number of reports have shown that chelating groups 
attached to arenes can direct borylation ortho to the directing group,30 but we are most 
                                                          
15 Fier, P. S.; Luo, J.; Hartwig, J. F. J. Am. Chem. Soc. 2013, 135, 2552-2559. 
16 Murphy, J. M.; Liao, X.; Hartwig, J. F. J. Am. Chem. Soc. 2007, 129, 15434-15435. 
17 Partridge, B. M.; Hartwig, J. F. Org. Lett. 2013, 15, 140-143. 
18 (a) Litvinas, N. D.; Fier, P. S.; Hartwig, J. F. Angew. Chem. Int. Ed. 2012, 51, 536-539; (b) Min, Q.-Q.; 
Yin, Z.; Feng, Z.; Guo, W.-H.; Zhang, X. J. Am. Chem. Soc. 2014, 136, 1230-1233. 
19 Liskey, C. W.; Liao, X.; Hartwig, J. F. J. Am. Chem. Soc. 2010, 132, 11389-11391. 
20 (a) Grimes, K. D.; Gupte, A.; Aldrich, C. C. Synthesis, 2010, 9, 1441-1448; Yoshida, S.; Misawa, Y.; 
Hosoya, T. Chem. Eur. J. 2014, 3991-3995. 
21 Ohishi, T.; Nishiura, M.; Hou, Z. Angew. Chem. Int. Ed. 2008, 47, 5792-5795. This work transforms Ar-
B(neo) esters to carboxylic acids. 
22 Liu, Q.; Li, G.; He, J.; Liu, J.; Li, P.; Lei, A. Angew. Chem. Int. Ed. 2010, 49, 3371-3374. This work 
transforms Ar-B(neo) esters to carboxylic esters. 
23 (a) Matteson, D. S.; Ray, R. J. Am. Chem. Soc. 1980, 102, 7591-7593; (b) Kabalka, G. W.; Shoup, T. M.; 
Goudagaon, N. M. Tetrahedron Lett. 1989, 30, 1483-1486; (c) Maleczka, R. E., Jr.; Shi, F.; Holmes, D.; 
Smith, M. R., III J. Am. Chem. Soc. 2003, 125, 7792-7793; (d) Xu, J.; Wang, X.; Shao, C.; Su, D.; Cheng, 
G.; Hu, Y. Org. Lett. 2010, 12, 1964-1967; (e) Zou, Y.-Q.; Chen, J.-R.; Liu, X.-P.; Lu, L.-Q.; Davis, R. L.; 
Jorgensen, K. A.; Xiao, W.-J. Angew. Chem. Int. Ed. 2012, 51, 784-788; (f) Zhu, C.; Wang, R.; Falck, J. R. 
Org. Lett. 2012, 14, 3494-3497; (g) Chen, D.-S.; Huang, J.-M. SynLett 2013, 24, 0499-0501; (h) Fier, P. S.; 
Hartwig, J. F. Angew. Chem. Int. Ed. 2013, 52, 2092-2095. 
24 (a) Tzschucke, C. C.; Murphy, J. M.; Hartwig, J. F. Org. Lett. 2007, 9, 761-764; (b) Mlynarski, S. N.; 
Karns, A. S.; Morken, J. P. J. Am. Chem. Soc. 2012, 134, 16449-16451; (c) Zhu, C.; Li, G.; Ess, D. H.; 
Falck, J. R.; Kurti, L. J. Am. Chem. Soc. 2012, 134, 18253-18256. 
25 (a) Matteson, D. S.; Jesthi, P. K/ Sadhu, K. M. Organometallics, 1984, 3, 1284-1288; (b) Coutts, S. J.; 
Adams, J.; Krolikowski, D.; Snow, R. J. Tetrahedron Lett. 1994, 35, 5109-5112; (c) Jung, M. E.; Lazarova, 
T. I. J. Org. Chem. 1999, 64, 2976-2977; (d) Sun, J.; Perfetti, M. T.; Santos, W. L. J. Org. Chem. 2011, 76, 
3571-3575. 
26 Murphy, J. M.; Tzschucke, C. C.; Hartwig, J. F. Org. Lett. 2007, 9, 757-760. 
27 Shade, R. E.; Hyde, A. M.; Olsen, J.-C.; Merlic, C. A. J. Am. Chem. Soc. 2010, 132, 1202-1203. 
28 (a) Cheng, J.-H.; Yi, C.-L.; Liu, T.-J.; Lee, C.-F. Chem. Commun. 2012, 48, 8440-8442; (b) Yoshida, S.; 
Sugimura, Y.; Hazama, Y.; Nishiyama, Y.; Yano, T.; Shimizu, S.; Hosoya, T. Chem. Commun. 2015, 51, 
16613-16616; 
29 Ros, A.; Fernandez, R.; Lassaletta, J. M. Chem. Soc. Rev. 2014, 43, 3229-3243. 
30 (a) Kawamorita, S.; Ohmiya, H.; Sawamura, M. J. Org. Chem. 2010, 75, 3855-3858; (b) Ros, A.; Estepa, 
B.; Lopez-Rodriguez, R.; Alvarez, E.; Fernandez, R.; Lassaletta, J. M. Angew. Chem. Int. Ed. 2011, 50, 
11724-11728; (c) Ros, A.; Lopez-Rodriguiz, R.; Estepa, B.; Alvarez, E.; Fernandez, R.; Lassaletta, J. M. J. 
Am. Chem. Soc. 2012, 134, 4573-4576; (d) Roering, A. J.; Hale, L. V. A.; Squier, P. A.; Ringgold, M. A.; 
Wiederspan, E. R.; Clark, T. B. Org. Lett. 2012, 14, 3558-3561; (e) Preshlock, S. M.; Plattner, D. L.; 
Maligres, P. E.; Krska, S. W.; Maleczka, R. E., Jr.; Smith, M. R., III Angew. Chem. Int. Ed. 2013, 52, 
12915-12919; (f) Ghaffari, B.; Preshlock, S. M.; Plattner, D. L.; Staples, R. J.; Maligres, P. E.; Krska, S. 
W.; Maleczka, R. E., Jr.; Smith, M. R., III J. Am. Chem. Soc. 2014, 136, 14345-14348; (g) Hale, L. V. A.; 
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interested in systems that achieve high levels of regioselectivity without the need for a 
substrate directing group. We envisioned that iridium catalyzed C–H borylation and 
subsequent B(pin)-mediated elaboration of azaborines would significantly increase the 
structural diversity of accessible azaborine-containing motifs. 
2.2 Background 
2.2.1 Stoichiometric C–H Borylation of Arenes with Transition Metal Boryl Complexes 
Arguably, the earliest observation of transition metal-mediated borylation of arene 
C–H bonds was made by Marder and co-workers in 1993 during a study on 
tris(boryl)iridium complexes.31 As part of a research program examining transition metal-
catalyzed alkene hydroboration, Marder and co-workers prepared several 
tris(boryl)iridium complexes to aid in the pursuit of fundamental understanding of metal-
boron bonding and reactivity. These iridium complexes were formed from the reaction of 
[(η5-indenyl)-Ir(cod)] with 5 equiv of HB(cat) in arene solvents and isolated as the η6-
bound arene piano stool complexes (Scheme 2.9). As a key part of this work, the filtrate 
from the reactions was analyzed by GC/MS and revealed to contain a rich mixture of 
products in part resulting from hydrogenation and hydroboration of the indene and cod 
ligands. In the supporting information, evidence was shown in a total ion chromatogram 
that small amounts of tolylboronate ester had been formed as a result of borylation of 
toluene solvent, although this exciting discovery was not pursued further at the time. 
 
 
                                                                                                                                                                             
McGarry, K. A.; Ringgold, M. A.; Clark, T. B. Organometallics 2015, 34, 51-55; (h) Kuninobu, Y.; Ida, 
H.; Nishi, M.; Kanai, M. Nature. Chem. 2015, 7, 712-717. 
31 Nguyen, P.; Blom, H. P.; Westcott, S. A.; Taylor, N. J.; Marder, T. B.  J. Am. Chem. Soc. 1993, 115, 
9329-9330. 
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 A breakthrough discovery in the field came from Hartwig and coworkers in 1995, 
when they reported the borylation of benzene and toluene by a photochemical reaction 
with (CO)5MnB(cat) 2.28 (Scheme 2.10, eq. 1), (CO)5ReB(cat) 2.30 (Scheme 2.10, eq. 
2), and CpFe(CO)2B(cat) 2.31 (Scheme 2.10, eq. 3).
32 Irradiation of benzene or toluene 
solutions of these metal boryl complexes with a Hanovia mercury arc lamp for 1-6 hours 
resulted in good to high yields of arene C–H borylation products, with a mixture of meta- 
and para-B(cat) products being formed from the borylation of toluene. The authors 
argued that since the meta/para selectivity of the toluene borylation was significantly 
different when using 2.30 (m/p = 1.6/1.0) vs. 2.31 (m/p = 1.1/1.0), the activation step is 
likely accomplished directly by the metal boryl complexes rather than by a common 
boryl radical that could be produced by either complex under the reaction conditions. 
 
 
 
 
 
 
 
                                                          
32 Waltz, K. M.; He, X.; Muhoro, C.; Hartwig, J. F. J. Am. Chem. Soc. 1995, 117, 11357-11358. 
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Application of 2.31 to the borylation of arenes with a broader range of functional 
groups followed shortly from the Hartwig lab (Scheme 2.11).33 Anisole was borylated at 
all possible ring positions and was the only substrate to show ortho-borylation, 
chlorobenzene and α,α,α-trifluorotoluene were borylated preferentially at the meta 
position, and N,N-dimethylaniline was borylated primarily at the para position.  
 
 
 
 
 
                                                          
33 Waltz, K. M.; Muhoro, C.; Hartwig, J. F. Organometallics 1999, 18, 3383-3393. 
118
  
2.2.2 Metal-Catalyzed C–H Borylation of Arenes Under Photochemical Conditions 
Since the stoichiometric borylations described above were of limited synthetic 
use, the Hartwig group devoted significant effort to developing a catalytic protocol for 
arene borylation. The first success in this area came with the introduction of the 
[Cp’Mn(CO)3] catalyst (Cp’=C5H4Me) 2.35, which catalyzed the borylation of benzene 
under conditions involving irradiation from a Hanovia mercury arc lamp and 2 atm of CO 
(Scheme 2.12).34 Although this result was promising, the operation involving pressurized 
CO, photochemical irradiation, and relatively high catalyst loading (10 mol%) was still in 
need of improvements before it could be broadly applied in synthesis. 
 
 
 
 
                                                          
34 Chen, H.; Hartwig, J. F. Angew. Chem. Int. Ed. 1999, 38, 3391-3393. 
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2.2.3 Metal-Catalyzed C–H Borylation of Arenes Under Thermal Conditions 
Smith and coworkers provided the first demonstration of catalytic arene C–H 
borylation under thermal rather than photochemical conditions in their seminal report in 
this field.35 The Smith lab found that at a highly elevated temperature over the course of 5 
days, iridium boryl complex Cp*Ir(PMe3)(H)[B(pin)] (2.38) carried out the catalytic 
borylation of the reaction solvent benzene using HB(pin) as the external boron source. 
This work laid the groundwork for the development of the current state-of-the-art 
iridium-based borylation systems. 
The Hartwig group simultaneously shifted its focus to the development of group 9 
metal complexes as suitable precatalysts for the thermal borylation of arenes and alkanes. 
Rapidly following Smith and coworkers’ report on the thermal borylation of benzene 
using Ir-based metal complex 2.38, Hartwig and coworkers disclosed that Cp*Rh(η4-
C6Me6) (2.40) efficiently borylated benzene at lower catalyst loadings and in much 
shorter times than did Smith’s iridium complex (Scheme 2.13).36 Rh complex 2.40 
effectively borylated benzene at greatly reduced catalyst loading (0.5 mol%) with only a 
10% reduction in yield to 82%, although the reaction time needed to be extended to 45 
hours at this loading. 
 
 
 
                                                          
35 Iverson, C. N.; Smith, M. R., III J. Am. Chem. Soc. 1999, 121, 7696-7697. 
36 Chen, H.; Schlect, S.; Semple, T. C.; Hartwig, J. F. Science 2000, 287, 1995-1997. 
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Smith and coworkers performed a systematic study of the C–H borylation of a 
diverse range of monosubstituted and disubstituted arenes using Ir species 2.38 and Rh 
species 2.40.37 Representative examples from this study demonstrate a pronounced steric 
blocking of borylation at sites ortho to substituents in both monosubstituted (Scheme 
2.14) and disubstituted arenes (Scheme 2.15). The reaction times for catalytic systems 
using Rh complex 2.40 are much shorter than those necessary for Ir complex 2.38, but in 
many cases lower yields are achieved. Meta-disubstituted arenes give a single 
regioisomer as the product of aromatic borylation, with the only side products in the 
reaction mixture resulting from benzylic C–H activation. A key observation was the 
predominant ortho-borylation of diethyl benzamide, suggesting a chelate directing effect 
overriding the normal steric directing effect in this case. As a follow-up to this work, 
Smith and coworkers demonstrated the suitability of cyclohexane to act as an inert 
solvent for the borylation of arenes using Rh complex 2.40 so that higher-value or non-
liquid materials could be used as limiting reagents.38 
 
 
 
 
 
 
 
 
                                                          
37 Cho, J.-Y.; Iverson, C. N., Smith, M. R., III J. Am. Chem. Soc. 2000, 122, 12868-12869. 
38 Tse, M. K.; Cho, J.-Y.; Smith, M. R., III Org. Lett. 2000, 3, 2831-2833. 
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Rapidly following these exciting results, both the Smith group and the Hartwig 
group (in collaboration with the group of Miyaura) disclosed next-generation precatalysts 
in papers submitted merely 3 days apart from one another. These reports featured catalyst 
precursors that displayed dramatically improved activity, scope, and selectivity over that 
shown by precatalysts 2.38 and 2.40 while functioning under milder conditions. 
Smith and coworkers primarily drew inspiration from the seminal report by 
Marder (vide supra) detailing the synthesis of (η6-arene)Ir[B(cat)]3 complexes, and 
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prepared the closely related complex (η6-Mes)Ir[B(pin)]3 2.41 from [(η
5-indenyl)-Ir(cod)] 
2.25 in an analogous manner to that used by Marder (Scheme 2.16).39 Complex 2.41 was 
competent in the borylation of benzene in a stoichiometric manner, but did not catalyze 
the borylation of benzene using HB(pin). Drawing insight from their own work on the 
arene borylation activity of iridium boryl complex Cp*Ir(PMe3)(H)[B(pin)] (2.38) (vide 
supra), Smith and coworkers rendered reactions of their new complex 2.41 catalytic by 
adding a phosphine ligand to the reaction mixture of 2.41, HB(pin), and neat arene.  
 
 
Since the synthesis of 2.41 from readily prepared 2.25 was low yielding, the 
authors made the most important discovery of this report: in the presence of a chelating 
phosphine ligand such as dppe, 2.25 by itself was an efficient precatalyst to carry out 
arene C–H borylation using HB(pin) as the boron source (Table 2.1).  Representative 
examples show that this catalyst system borylated meta-dihalogenated arenes with 
excellent yield and regioselectivity (entries 1-3) and efficiently carried out the borylation 
of an unsymmetrical meta-substituted benzene derivative in cyclohexane as solvent (entry 
4). As another key result from this paper, Smith and coworkers demonstrated that a one-
pot borylation/cross coupling sequence using this system was possible. The iridium 
catalyst system has remarkable selectivity for arene C–H borylation, and does not 
                                                          
39 Cho, J.-Y.; Tse, M. K.; Holmes, D.; Maleczka, R. E., Jr.; Smith, M. R., III Science 2002, 295, 305-308. 
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interfere with a palladium-catalyzed Suzuki coupling carried out in the same reaction pot 
following quenching of leftover HB(pin) (Scheme 2.17). 
 
 
 
 
Two shortly-following joint reports from the Hartwig and Miyaura groups 
introduced catalyst systems that were quickly adopted by the synthetic community as the 
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state-of-the-art systems for broad application in synthetic organic chemistry. Although 
Smith and coworkers had shown39 the viability of the commercially-available Ir source 
[Ir(cod)(Cl)]2 (2.44) to form an active catalyst capable of carrying out arene C–H 
borylation, they only mentioned it as a side note and used it in combination with a 
phosphine ligand. Hartwig and Miyaura made the key discovery that this commercially 
available, air stable Ir source formed a viable borylation catalyst in a system containing 
bipyridine-type ligands,40 and that this catalyst system efficiently borylated a variety of 
mono- and di-functionalized arenes (Table 2.2) at lower temperatures than a catalyst 
system containing the same Ir source paired with a phosphine ligand as used by Smith.  
 
 
A second report by the labs of Hartwig and Miyaura detailed the benefits of 
changing the Ir precursor to commercially available [Ir(cod)(OMe)]2 (2.45) and using this 
                                                          
40 Ishiyama, T.; Takagi, J.; Ishida, K.; Miyaura, N.; Anastasi, N. R.; Hartwig, J. F. J. Am. Chem. Soc. 2002, 
124, 390-391. 
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in combination with dtbpy (2.46) as a ligand.41 The authors stated that this work allowed 
“…for the first time the direct borylation of arenes or heteroarenes at room temperature in 
an inert solvent with a stoichiometric ratio of B2(pin)2 to arene to produce the 
corresponding arylboronates in high yields.” Thorough screening of Ir sources and bpy-
type ligands based on the previously disclosed system led to the discovery of the catalyst 
system utilizing [Ir(cod)(OMe)]2  2.45 and dtbpy 2.46. The screening also revealed a 
clear trend in increasing activity of the catalyst system with increasing electron-richness 
of the bipyridine ligand. This system efficiently borylated a number of disubstituted 
arenes in high yield at room temperature with regioselectivity primarily governed by 
steric factors (Table 2.3, entries 1-4). Importantly, the system borylated heteroarenes 
exclusively at the carbon atom adjacent to the heteroatom (N, O, or S, Table 2.3, entries 
5-7) despite the presence of other sterically accessible C–H bonds. 
 
 
 
 
 
 
 
 
 
 
 
                                                          
41 Ishiyama, T.; Takagi, J.; Hartwig, J. F.; Miyaura, N. Angew. Chem. Int. Ed. 2002, 47, 3056-3058. 
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2.2.4 Mechanistic Features of (Hetero)arene Borylation Involving [Ir(cod)(OMe)]2 
 In the 23 years following publication of this optimal catalyst system for 
(hetero)arene borylation, many groups have carried out detailed mechanistic studies on 
the activity of this particular system with the key goals of determining the catalytically 
active species, explaining the regioselectivity of borylation of non-sterically biased 
substrates, and learning valuable lessons that can lead to catalyst systems with better 
activity or regioselectivity. 
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2.2.4.1 Isolation of Catalytically Active Species 
 The earliest mechanistic investigation of this catalyst system was presented by 
Hartwig and coworkers as a part of their report disclosing the catalyst system based on 
[Ir(cod)(Cl)]2 (2.44) that normally functions at 80 °C (vide supra).
40 Monitoring of the 
early stages of the reaction in benzene-d6 by 1H NMR and GC/MS revealed an induction 
period during which the cod ligand was reduced to coe-d2. Indeed, reactions using the 
analogous [Ir(coe)2(Cl)]2 catalyst precursor 2.47 showed no induction period and took 
place rapidly at room temperature, possibly demonstrating the necessity of ligand 
reduction prior to active catalyst formation. In order to gain deeper insight into this 
observation, Hartwig and coworkers monitored the borylation of C6D6 at high catalyst 
loadings of [Ir(coe)2(Cl)]2 and noting that the primary iridium-containing species present 
in solution was ligated by dtbpy.  
They then prepared a species with identical spectral characteristics to those of the 
species observed in the reaction and isolated this compound as a pure crystalline material, 
albeit in low yield (Scheme 2.18, eq. 1). X-ray diffraction identified this compound as the 
tris-boryl iridium complex {Ir(coe)(dtbpy)[B(pin)]3} (2.48), and indeed this complex 
reacted with C6D6 within minutes at room temperature to produce the borylated product 
in high yield. In contrast, the analogous bis-boryl complex with cod as ligand (2.49) 
failed to borylate C6D6 in the absence of added B2(pin)2 (Scheme 2.18, eq. 2). Finally, as 
part of this study, the authors disclosed that the reaction of 2.48 with a 1:1 mixture of 
C6H6 and C6D6 revealed a primary kinetic isotope effect of 3.6 ± 0.2, and that catalytic 
reactions conducted in the same solvent mixture revealed a nearly identical kH/kD = 3.8 ± 
0.4. Taken together, these data support the hypothesis that ligand reduction from cod to 
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coe is necessary for catalytic efficiency and demonstrated that 2.48 is a kinetically and 
chemically competent intermediate in the catalytic borylation of arenes. 
 
 
2.2.4.2 2005 Extensive Mechanistic Investigation by Hartwig 
 In a subsequent detailed mechanistic study, Hartwig and coworkers first 
developed a reliable, high-yielding synthesis of 2.48 that enabled broad investigation of 
its activity in stoichiometric and catalytic borylation (Scheme 2.19).42 The order of 
addition was vital to the high yield of the reaction, as adding the bipyridine ligand first 
resulted in low conversions and yields of 2.48. An NMR experiment revealed the 
characteristic sequential loss of B(pin) ligands and formation of iridium hydrides during 
the stoichiometric reaction of 2.48 with arenes. In this experiment, 1H NMR monitoring 
of the reaction of 2.48 with 1,3-bis(trifluoromethyl)benzene at 0 °C showed the 
disappearance of signals corresponding to 2.48 and the appearance of signals assigned to 
iridium monohydride 2.50 and iridium dihydride 2.51 (Scheme 2.20).  
 
 
                                                          
42Boller, T. M.; Murphy, J. M.; Hapke, M.; Ishiyama, T.; Miyaura, N.; Hartwig, J. F. J. Am. Chem. Soc. 
2005, 127, 14263-14278.   
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Competition experiments involving the reaction of 2.48 with 1:1 mixtures of 
arenes revealed that 1,3-bis(trifluoromethyl)benzene, thiophene, and furan all react faster 
than benzene under these borylation conditions with PhB(pin) being formed in less than 
6% yield in all cases under limiting conditions. These results suggest that the electron 
richness of the arene is not the only factor that affects the rate of borylation. An 
explanation consistent with these data, taken together with work proposing that the 
precursor to C–H bond cleavage is a metal-arene π-complex43 and demonstrating that 1,3-
bis(trifluoromethyl)benzene forms more stable π-complexes with a related Rh complex 
than benzene does,44 is that the relative stability of the Ir-arene π-complex is a primary 
factor affecting relative rates of borylation.  
Hartwig and coworkers reliably measured rate constants using 19F NMR 
spectroscopy of the catalytic reaction at 30 °C using 2.48 as catalyst, 1-(trifluoromethyl)-
                                                          
43 Jones, W. D.; Feher, F. J. J. Am. Chem. Soc. 1984, 106, 1650-1663. 
44 Chin, R. M.; Dong, L.; Duckett, S. B.; Partridge, M. G.; Jones, W. D.; Perutz, R. N. J. Am. Chem. Soc. 
1993, 115, 7685-7695 
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3-methylbenzene as arene substrate, and concentrations of B2(pin)2 slightly exceeding 
those of the substrate. In all reactions with an excess of B2(pin)2 the concentration of 
arene decayed exponentially, and plots of ln[arene] vs time were linear over at least 3 half 
lives, showing that the reaction is first order in arene. Rate constants obtained for two 
different reactions at concentrations of B2(pin)2 1.6 and 4.6 that of arene, respectively, 
were within 10% of one another, demonstrating that the reaction is zero-order in B2(pin)2. 
The reaction system was changed to probe the reaction order of coe, following the 
catalytic borylation of 1,2-dichlorobenzene by 1H NMR at 40 °C in cyclohexane d-12 at 
varying concentrations of coe, and the reaction order of coe was determined to be inverse 
first order from analysis of these reaction results. Taken together, these results suggest 
that the reaction proceeds via initial rapid and reversible dissociation of coe followed by 
slow cleavage of the C–H arene bond. 
Hartwig and coworkers collected data from isotope labeling experiments that 
further support the view that C–H bond cleavage is rate-limiting. Primary kinetic isotope 
effects of 5.0 ± 0.4 (for a reaction using 1% 2.48 as catalyst) and 4.6 ± 0.4 (for a 
stoichiometric reaction using 2.48) were observed from the catalytic and stoichiometric 
borylations, respectively, of a mixture of benzene and benzene-d6. The authors also 
measured the rate constants of two separate borylations of 1,2-dichlorobenzene and 1,2-
dichlorobenzene-d4. Comparison of the rate constants obtained from the reaction with 
protiated arene (7.5 ± 0.7 x 10-4 s-1) and from the reaction with deuterated arene (2.2 ± 
0.2 x 10-4 s-1) gives a corresponding kinetic isotope effect of 3.3 ± 0.6. The isotope effects 
observed in these three experiments support the proposition that C–H bond cleavage is 
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turnover limiting, and are consistent with the first-order rate dependence on arene of the 
catalytic reaction. 
 One final question that the authors addressed was whether a 16-electron Ir(III) or 
Ir(I) complex resulting from reductive elimination of B2(pin)2 is the reactive species with 
arenes following initial dissociation of coe from the 18-electron Ir complex 2.48 (Scheme 
2.21). Hartwig and coworkers envisioned two likely pathways: Pathway A involving 
direct reaction of the trisboryl-iridium complex 2.52 with an arene to generate iridium 
hydride 2.55 directly, or Pathway B, involving reductive elimination to monoboryl Ir(I) 
complex 2.53 which would generate 2.55 via 2.54. In order to address this question, the 
authors conducted an experiment designed to determine whether elimination of B2(pin)2 
from 2.52 could be observed or whether reaction of 2.52 with arene was fast enough to 
prevent observation of this reactivity. 
 
 
Practically, the experiment conducted involved monitoring by 1H NMR the 
reaction of 2.48 with 1,2-dichlorobenzene in the presence of labeled B2(pin)2-d24. A 
reaction proceeding rapidly via Pathway A would presumably generate ArB(pin) and 
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HB(pin) but not B2(pin)2 or ArB(pin)-d12. On the contrary, a reaction proceeding via 
Pathway B should incorporate labeled B(pin)-d12 into the arene product and produce free 
B2(pin)2 at a rate similar to production of borylated arene. Inconsistent with a reaction 
proceeding via Pathway B, the results showed no observable free B2(pin)2 from this 
reaction nor incorporation of B(pin)-d12 into the arene product, ruling out Pathway B as 
a viable mechanistic path. 
Synthesizing the results from these mechanistic studies led Hartwig and 
coworkers to propose the reasonable catalytic cycle pictured in Scheme 2.22. Initial 
dissociation of coe is followed by reaction of the 16 electron Ir(III) complex 2.52 with 
arene, although precise details of the key C–H cleavage step were not well understood at 
the time of this study. A computational treatment of the mechanism published in 2003 
using a simplified model of 2.48 as catalyst45 supported the intermediacy of an Ir(V) 
species such as 2.56 formed from oxidative addition but sigma bond metathesis to form 
2.55 directly from 2.52 could not be ruled out at this time. To complete the catalytic 
cycle, 2.55 would react with B2(pin)2 either by oxidative addition/reductive elimination 
or sigma bond metathesis. 
 
 
 
 
 
 
 
                                                          
45 Tamura, H.; Yamazaki, H.; Sato, H.; Sakaki, S. J. Am. Chem. Soc. 2003, 125, 16114-16126. 
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2.2.4.3 Recent Mechanistic Insight Into The C–H Bond Cleavage and Overall Reaction 
 To shed light on the precise electronic factors that govern the C–H activation step, 
Smith and coworkers carried out a joint experimental-computational study regarding the 
borylation of electronically diverse arenes.46 They based a key model in their 
computational studies off of favored intermediate 2.52 proposed by Hartwig (vide supra). 
The authors describe the nature of the C–H activation step as lying on a continuum 
bounded by proton transfer from the arene to the Ir-B bond vs. hydride transfer from the 
arene to a p-orbital of the boryl ligand (Scheme 2.23), and provide computational and 
experimental support for the predominance of the proton transfer model. If the proton 
                                                          
46 Vanchura, B. A., III; Preshlock, S. M.; Roosen, P. C.; Kallepalli, V. A.; Staples, R. J.; Maleczka, R. E., 
Jr.; Singleton, D. A.; Smith, M. R., III Chem. Commun. 2010, 46, 7724-7726. 
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transfer model most correctly describes the electronic nature of the C–H activation step, 
then C–H acidity of arene substrates should play a large role in determining 
regioselectivity of borylation.  
 
 
To test this, the authors subjected veratrole and benzodioxole to an identical set of 
catalytic and stoichiometric borylation conditions (Scheme 2.24). The results strongly 
support a regioselectivity pattern correlated with C–H acidity, and lend credence to 
inferences in previous reports that boryl nucleophilicity facilitates C–H activation by 
metal boryl complexes.47 Merlic, Houk, and coworkers provided results from a recent 
DFT computational study48 using the distortion/interaction model49 that correlates 
regioselectivity with the strength of the developing Ir-C[arene] bond during the key 
oxidative addition C–H activation step. Application of this computational model correctly 
predicts experimental results of the borylation of various heterocycles. 
 
 
 
 
                                                          
47 (a) Webster, C. E.; Fan, Y.; Hall, M. B.; Kunz, D.; Hartwig, J. F. J. Am. Chem. Soc. 2003, 125, 858-859; 
(b) Dang, L.; Lin, Z.; Marder, T. B. Chem. Commun. 2009, 3987-3995; (c) Ess, D. H.; Nielsen, R. J.; 
Goddard, W. A., III; Periana, R. A. J. Am. Chem. Soc. 2009, 131, 11686-11688. 
48 Green, A. G.; Liu, P.; Merlic, C. A.; Houk, K. N. J. Am. Chem. Soc. 2014, 136, 4575-4583. 
49 Ess, D. H.; Houk, K. N. J. Am. Chem. Soc. 2007, 129, 10646-10647. 
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2.2.5 Functionalization of Heteroarenes Via Initial Iridium Catalyzed Borylation 
The work described above established iridium catalyzed borylation as an ideal 
tool to be used in the diverse functionalization of (hetero)arenes via C–H activation. Prior 
to the development of this catalytic system the traditional methods to prepare (hetero)aryl 
boronic esters required starting from (hetero)aryl halides, and carrying out either a 
relatively harsh synthetic sequence involving formation of a lithiate or Grignard followed 
by quenching with an appropriate boronate (Scheme 2.25, eq. 1)50 or a metal-catalyzed 
route typically requiring high temperatures and basic reaction conditions (Scheme 2.25, 
eq. 2).51 The iridium catalyzed borylation route based on 2.45 allows unsubstituted 
(hetero)arenes to be used as starting materials and the sterically-driven regioselectivity 
allowed  the formation of substituted (hetero)arenes with functional groups installed at 
                                                          
50 For leading references, see (a) Tilly, D.; Chevallier, F.; Mongin, F.; Gros, P. C. Chem. Rev. 2014, 114, 
1207-1257; (b)Leermann, T.; Leroux, F. R.; Colobert, F. Org. Lett. 2011, 13, 4479-4481. 
51 (a) Ishiyama, T.; Murata, M.; Miyaura, N. J. Org. Chem. 1995, 60, 7508-7510; (b) Chow, W. K.; Yuen, 
O. Y.; Choy, P. Y.; So, C. M.; Lau, C. P.; Wong, W. T.; Kwong, F. Y. RSC Advances, 2013, 3, 12518-
12539. 
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positions not easily accessed by traditional arene reactivity pathways such as those based 
on EAS (Scheme 2.25, eq. 3) or directed ortho metalation52 (Scheme 2.25, eq. 4). 
 
 
 Since the 2010 review by Hartwig and coworkers,14a a multitude of research 
groups broadly applied this powerful transformation using precatalyst systems based on 
2.45 as a key step in the functionalization of heteroarenes, informing and inspiring our 
efforts to apply the same system to the diversification of azaborines.  
 
                                                          
52 (a) Hurst, T. E.; Macklin, T. K.; Becker, M.; Hartmann, E.; Kugel, W.; Parisienne-LaSalle, J.-C.; 
Batsanov, A. S.; Marder, T. B.; Snieckus, V. Chem. Eur. J.  2010, 16, 8155-8161; For reviews of directed 
ortho metalation, see (b) Beak, P.; Snieckus, V. Acc. Chem. Res. 1982, 15, 306-312; (c) Snieckus, V. Chem. 
Rev. 2010, 90, 879-933. 
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2.2.5.1 (Hetero)arene Borylation as a Key Step in Natural Product Synthesis 
 The synthetic advantages offered by iridium catalyzed borylation caused this 
method to play a key role in the recent preparation of several complex natural products 
(Scheme 2.26). Sarpong and coworkers prepared three natural products through routes 
using [Ir(cod)(OMe]2 2.45 as precatalyst for C–H borylation. In the first report, Sarpong 
and coworkers prepared Lycopodium alkaloid (+)-Complanadine A 2.59 via a route 
featuring high-yielding borylation of a substituted pyridine derivative and subsequent 
cross coupling to form a biaryl C-C bond as the final steps of their synthesis.53 The 
authors synthesized a closely related member of the Lycopodium alkaloid family 
Complanadine B 2.60 via an analogous route, although the borylation/cross coupling 
sequence to form a biaryl C-C bond was performed earlier in the synthetic pathway.54 
Sarpong and coworkers also applied iridium catalyzed borylation to synthesize the 
pentacyclic skeleton 2.61 of the Kopsia alkaloid Arboflorine. In this synthesis, the 
authors carried out a borylation of a substituted pyridine derivative quite early on in the 
synthetic pathway to facilitate creation of a biaryl C-C bond.55  
Hartwig and coworkers installed a key C-Br bond midway through their synthesis 
of (–)-Taiwaniaquinone H 2.62 via iridium catalyzed borylation of a substituted anisole 
derivative followed by functional group conversion.56 Koert and coworkers synthesized 
Fulicineroside 2.63 via a route featuring iridium catalyzed borylation of a highly 
substituted phenol derivative followed by conversion to a BF3K salt and cross coupling to 
                                                          
53 Fisher, D. F.; Sarpong, R. J. Am. Chem. Soc. 2010, 132, 5926-5927. 
54 Newton, J. N.; Fisher, D. F.; Sarpong, R. Angew. Chem. Int. Ed. 2013, 52, 1726-1730. 
55 Leal, R. A.; Beaudry, D. R.; Alzghari, S. K.; Sarpong, R. Org. Lett. 2012, 14, 5350-5353. 
56 Liao, X.; Stanley, L. M.; Hartwig, J. F. J. Am. Chem. Soc. 2011, 133, 2088-2091. 
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install a key alkene-arene C-C bond early in their synthetic scheme.57 Sperry and 
coworkers synthesized the relatively simple plant metabolite 7-hydroxyoxindole-3-acetic 
acid 2.64 through straightforward bis-borylation of a substituted indole derivative 
followed by oxidation of the resulting B-C bonds to B-O bonds.58 In this work, the 
authors found that using tmphen as ligand instead of dtbpy led to superior conversion and 
yields. Finally, Lei and coworkers synthesized (-)-Incarviatone A 2.65 via a route in 
which they installed a key arene C-Br bond early in the synthetic pathway by using initial 
iridium catalyzed borylation of a highly substituted benzene followed by conversion of 
the B(pin) group to Br.59 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
57Bartholomaus, R.; Dommershausen, F.; Thiele, M.; Karanjule, N. S.; Harms, K.; Koert, U. Chem. Eur. J. 
2013, 19, 7423-7436.   
58 Homer, J. A.; Sperry, J. Tetrahedron Lett. 2014, 55, 5798-5800. 
59 Hong, B.; Li, C.; Wang, Z.; Chen, J.; Li, H.; Lei, X. J. Am. Chem. Soc. 2015, 137, 11946-11949. 
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2.2.5.2 Iridium catalyzed Borylation as a Key Strategy for Heteroarene Diversification 
 A multitude of reports detailing the application of this powerful new synthetic 
tool in the diversification of aromatic heterocycles followed Hartwig and coworkers’ 
2010 review, taking advantage of the mildness, excellent regioselectivity, and efficiency 
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of this transformation to carry out a large number of synthetic elaborations. These studies 
describe the borylation and subsequent functional group transformations of the resulting 
heteroaromatic boronates of heteroarenes including derivatives of heteroarenes such as 
pyridine,60 pyrimidine,61 pyrrole,62 1,2,3-triazole,63 furan,64 thiophene,65 benzofuran and 
benzothiophene,66 indole,67 indazole,68 azaindole,69 pyrrolo[2,3-d]pyrimidine,70 
benzoxazoles and benzothiazoles,71 and quinoline.72 In many cases, the borylation-
functionalization route enables synthetic elaborations at ring positions of these 
heterocycles that was not accessible previously, either due to the alternate regioselectivity 
of other functionalization routes or the relative harshness of other routes. 
2.2.5.3 Compounds for Materials Science Applications Via Borylation 
 The materials science community has also adopted iridium catalyzed borylation as 
a valuable method to prepare chemicals of interest in various device applications. Z. Liu 
                                                          
60 (a) Liskey, C. W.; Liao, X.; Hartwig, J. F. J. Am. Chem. Soc. 2010, 132, 11389-11391; (b) Litvinas, N. 
D.; Fier, P. S.; Hartwig, J. F. Angew. Chem. Int. Ed. 2012, 51, 536-539; (c) Cheng, J.-H.; Yi, C.-L.; Liu, T.-
J.; Lee, C.-F. Chem. Commun. 2012, 48, 8440-8442; (d) Yi, C.-L.; Liu, T.-J.; Cheng, J.-H.; Lee, C.-F. Eur. 
J. Org. Chem. 2013, 3910-3918; (e) Demory, E.; Devaraj, K.; Orthaber, A.; Gates, P. J.; Pilarski, L. T. 
Angew. Chem. Int. Ed. 2015, 54, 11765-11769. 
61 Joliton, A.; Carreira, E. M. Org. Lett. 2013, 15, 5147-5149. 
62 Partridge, B. M.; Hartwig, J. F. Org. Lett. 2013, 15, 140-143. 
63 Davey, P. R. J.; Delouvrie, B.; Dorison-Duval, D.; Germain, H.; Harris, C. S.; Magnien, F.; Ouvry, G.; 
Tricotet, T. Tetrahedron Lett. 2012, 53, 6849-6852. 
64 (a) Robbins, D. W.; Hartwig, J. F. Org. Lett. 2012, 14, 4266-4269; (b) Keske, E. C.; Moore, B. D.; 
Zenkina, O. V.; Wang, R.; Schatte, G.; Crudden, C. M. Chem. Commun. 2014, 50, 9883-9886. 
65 Xu, L.; Ding, S.; Li, P. Angew. Chem. Int. Ed. 2014, 53, 1822-1826. 
66 Liu, T.; Shao, X.; Wu, Y.; Shen, Q. Angew. Chem. Int. Ed. 2012, 51, 540-543. 
67 (a) Meyer, F.-M.; Liras, S.; Guzman-Perez, A.; Perreault, C.; Bian, J.; James, K. Org. Lett. 2010, 12, 
3870-3873; (b) Loach, R. P.; Fenton, O. S.; Amaiki, K.; Siegel, D. S.; Ozkal, E.; Movassaghi, M. J. Org. 
Chem. 2014, 79, 11254-11263; (c) Eastabrook, A. S.; Wang, C.; Davison, E. K.; Sperry, J. J. Org. Chem. 
2015, 80, 1006-1017; (d) Batool, F.; Parveen, S.; Emwas, A.-H.; Sioud, S.; Gao, X.; Munawar, M. A.; 
Chotana, G. A. Org. Lett. 2015, 17, 4256-4259. 
68 (a) Egan, B. A.; Burton, P. M. RSC Adv. 2014, 4, 27726-27729; (b) Sadler, S. A.; Hones, A. C.; Roberts, 
B.; Blakemore, D.; Marder, T. B.; Steel, P. G. J. Org. Chem. 2015, 80, 5308-5314. 
69 Kallepalli, V. A.; Gore, K. A.; Shi, F.; Sanchez, L.; Chotana, G. A.; Miller, S. L.; Maleczka, R. E., Jr.; 
Smith, M. R., III J. Org. Chem. 2015, 80, 8341-8353. 
70 Klecka, M.; Slavetinska, L. P.; Hocek, M. Eur. J. Org. Chem. 2015 doi: 10.1002/ejoc.201501177 
71 Larsen, M. A.; Hartwig, J. F. J. Am. Chem. Soc. 2014, 136, 4287-4299 
72 (a) Tajuddin, H.; Harrisson, P.; Bitterlich, B.; Collings, J. C.; Sim, N.; Batsanov, A. S.; Cheung, M. S.; 
Kawamorita, S.; Maxwell, A. C.; Shukla, L.; Morris, J.; Lin, Z.; Marder, T. B.; Steel, P. G. Chem. Sci. 
2012, 3, 3505-3515; (b) Srinivasan, R.; Coyne, A. G.; Abell, C. Chem. Eur. J. 2014, 20, 11680-11684. 
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and coworkers prepared a highly conjugated thiophene-containing arene of potential 
interest as a chemosensor for fluoride ions using borylation/cross coupling of a thiophene 
derivative as the key synthetic step.73 Shinokubo and coworkers reported that iridium 
catalyzed borylation/oxidation of perylene bisimides was an ideal strategy to synthesize 
tetrahydroxy perylene bisimides, featuring dramatically blue-shifted absorption spectra 
following functionalization.74 Takimiya and coworkers disclosed the borylation and 
subsequent functionalization of naphthodithiophenes via initial iridium catalyzed 
borylation, increasing the diversity of this set of important materials for the development 
of organic photovoltaics.75 Marder and coworkers also carried out a borylation of 
perylene bisimide, however they controlled the stoichiometry of their reaction to 
synthesize only a monoborylated perylene bisimide rather than a tetraborylated arene 
such as one featured in the report from Shinokubo (vide supra).76 Lewis and coworkers 
reported the first boron-substituted napthalenediimides formed via iridium catalyzed 
borylation, and the borylated materials were diversified through subsequent Suzuki 
coupling to form a library of conjugated materials with distinct optoelectronic 
properties.77 Miyake and coworkers used iridium catalyzed borylation followed by 
annulation as the key strategy in the preparation of tetrathia[8]circulenes from 
tetrathiophene.78 Finally, Ema and coworkers developed a synthesis of unsymmetrical 
BODIPY materials with possible applications as photosensitizing dyes in fluorescent 
                                                          
73 Chen, Y.; Cao, D.; Wang, S.; Zhang, C.; Liu, Z. J. Mol. Struct. 2010, 182-286. 
74 Teraoka, T.; Hiroto, S.; Shinokubo, H. Org. Lett. 2011, 13, 2532-2535. 
75 Shinamura, S.; Sugimoto, R.; Yanai, N.; Takemura, N.; Kashiki, T.; Osaka, I.; Miyazaki, E.; Takimiya, 
K. Org. Lett. 2012, 14, 4718-4721. 
76 Zhang, J.; Singh, S.; Hwang, D. K.; Barlow, S.; Kippelen, B.; Marder, S. R. J. Mater. Chem. C 2013, 1, 
5093-5100. 
77 Lyall, C. L.; Shotton, C. C.; Perez-Salvia, M.; Pantos, G. D.; Lewis, S. E. Chem. Commun. 2014, 50, 
13837-13840. 
78 Kato, S.; Serizawa, Y.; Sakamaki, D.; Seki, S.; Miyake, Y.; Shinokubo, H. Chem. Commun. 2015, 51, 
16944-16947. 
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sensors or photovoltaic cells starting with borylation of substituted carbazoles and 
subsequently carrying out cross coupling of the carbazole boronates.79 
2.2.5.4 Modified Catalyst Systems for (Hetero)arene Borylation 
 The synthetic community has recognized the power of the iridium catalyzed 
borylation reaction, and so it comes as no surprise that many groups have sought to 
improve the reaction efficiency and reduce the required amounts of valuable iridium 
metal consumed by community-wide applications of this chemistry. Nishida and 
coworkers developed a catalyst system based on [Ir(cod)(Cl)]2 2.44 and 4,4’-
dicarboxylated bipyridine that was suitable for use in a continuous flow system, so that 
the catalyst could be recycled after a batch of reagent had passed through a column 
containing the catalyst mixture and undergone borylation.80 Jones and coworkers 
disclosed a recyclable silica-supported iridium catalyst that maintained moderate to good 
activity after several uses in arene borylation.81  
Lin and coworkers used bipyridyl-containing MOFs to complex iridium atoms 
and showed that the resulting iridium-containing MOF materials were highly active in the 
borylation of (hetero)arenes and could be recycled following use and reused for multiple 
reaction batches.82 Colacot and coworkers reported that a catalyst system using tmphen as 
ligand rather than dtbpy actually led to superior efficiency and yield in many borylations 
of (hetero)arenes.83 Inagaki and coworkers performed studies on iridium-containing 
periodic mesoporous organosilica materials, and demonstrated that precatalyst mixtures 
                                                          
79 Maeda, C.; Todaka, T.; Ema, T. Org. Lett. 2015, 17, 3090-3093. 
80 Tagata, T.; Nishida, M.; Nishida, A. Adv. Synth. Catal. 2010, 352, 1662-1666. 
81 Wu, F.; Feng, Y.; Jones, C. W. ACS Catal. 2014, 4, 1365-1375. 
82 Manna, K.; Zhang, T.; Lin, W. J. Am. Chem. Soc. 2014, 136, 6566-6569. 
83 Carin, C. C.; Seechurn, J.; Sivakumar, V.; Satoskar, D.; Colacot, T. J. Organometallics 2014, 33, 3514-
3522. 
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based on these materials were highly efficient in the borylation of a variety of 
(hetero)arenes.84 Li and coworkers developed bidentate B,N-ligands that when used in 
combination with [Ir(cod)(OMe)]2 carry out highly efficient borylation of sterically 
encumbered and electron rich (hetero)arenes, substrates that are either challenging or 
impossible to borylate with traditional N,N-ligands such as dtbpy or tmphen.85 
 Finally, many groups have sought to develop catalytic systems using metals 
besides iridium including earth-abundant base metals that can carry out similarly efficient 
borylation of (hetero)arenes. Recent reports from many groups have demonstrated 
successful catalytic borylation of (hetero)arenes using catalyst systems based on iron,86 
palladium,87 ruthenium,88 cobalt,89 rhodium,90 nickel,91 platinum,92 and heterobimetallic 
systems including iron-copper and iron-zinc.93 Although research is rapidly progressing 
in this field, the catalyst system comprised of [Ir(cod)(OMe)]2 and dtbpy developed by 
Hartwig and coworkers in 2002 remains the most widely applied catalytic system for 
(hetero)arene borylation. 
                                                          
84 Maegawa, Y.; Inagaki, S. Dalton Trans. 2015, 44, 13007-13016.    
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2.3 Borylation as an Enabling Strategy for Late-Stage Functionalization of 
Azaborines 
2.3.1 Borylation of Monosubstituted N-H, B-R2 Azaborines 
2.3.1.1 Initial Results and Competition Experiments 
 At the outset of our studies to develop the functionalization of azaborines at the 4, 
5, and 6 ring positions, we envisioned that elaboration at the 6 position in particular 
would be of high value as we could install chelating groups at this position to generate a 
library of azaborine biaryl compounds of potential use as κ2 bidentate N,N ligands 
(Scheme 2.27).94 We reasoned that azaborines bearing free N-H bonds would undergo 
highly regioselective borylation at the carbon adjacent to nitrogen by analogy to other 
heteroarenes containing sterically unbiased N-H bonds (vide supra), and that iridium 
catalyzed borylation would therefore serve as an ideal initial step towards the synthesis of 
azaborine-containing coordination complexes.  
 
 
We began our investigation by examining the borylation of the unsubstituted 
‘parent’ azaborine 2.4, and were pleased to find that 2.4 was borylated in high yield 
exclusively at the 6 position under the standard set of borylation conditions (vide supra) 
using a precatalyst mixture containing a 1:2 molar ratio of [Ir(cod)(OMe)]2 2.45 and 
                                                          
94 Baggett, A. W.; Vasiliu, M.; Li, B.; Dixon, D. A.; Liu, S.-Y. J. Am. Chem. Soc. 2015, 137, 5536-5541. 
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dtbpy 2.46 (Scheme 2.28, eq. 1). Importantly, no other regioisomeric azaborine boronates 
were observed in the reaction mixture.95 We carried out several competition experiments 
designed to provide insight into the relative reactivity of the C6-H bond of azaborines 
compared to C–H bonds of other (hetero)arenes known to undergo borylation under 
identical conditions.96  
An NMR scale intermolecular competition experiment between benzene and 2.4 
showed that the azaborine underwent conversion to the corresponding azaborine boronate 
2.66 significantly more rapidly than benzene underwent conversion to Ph-B(pin) 2.37 
(Scheme 2.28, eq. 2). Frequent monitoring of the early stages of the borylation reaction 
revealed evidence for the formation of 2.66, but borylated benzene 2.37 was not observed 
under these conditions. An intramolecular competition experiment supported the 
conclusions from the first experiment, as borylation of 2.67 proceeded rapidly to generate 
2.68 in high isolated yield with no observable borylation of other C–H bonds (Scheme 
2.28, eq. 3). These results are unsurprising when viewed in the context of previous work 
demonstrating preferential borylation of heterocycles in the presence of benzene (vide 
supra). We were curious to know how the reactivity of the azaborine C6-H bond towards 
iridium catalyzed borylation compared to that of a C–H bond of a heterocycle such as 
thiophene known to be particularly active towards borylation, so we designed 2.69 to 
answer this question. Over the course of two hours, an NMR scale borylation of 2.69 
revealed only conversion to 2.70, demonstrating that the reactivity of the azaborine C6-H 
                                                          
95 The only observable byproduct was a 4,6-bisborylated azaborine present in trace amounts. This species is 
likely produced from overreaction of the 6-B(pin) primary product 2.66. 
96 For the purposes of these experiments, we assume that the reactivity of the azaborine C6-H bond remains 
nearly equal among variably boron-substituted azaborines 
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bond towards borylation lies between that of a C–H bond of benzene and a C–H bond 
adjacent to the sulfur atom in thiophene (Scheme 2.28, eq. 4).97 
 
 
2.3.1.2 Insight Gained from Computational Collaboration 
In light of the detailed experimental and computational studies suggesting that C–
H bond acidity is a primary regioselectivity-determining factor in the borylation of 
                                                          
97 We independently prepared a sample of 2.71 to aid in correctly assigning peaks in this NMR experiment. 
See section 2.3.3 for details. 
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(hetero)arenes in the absence of overriding steric influences (vide supra), we collaborated 
with Prof. David Dixon and his postdoc Dr. Monica Vasiliu to computationally determine 
reliable values for the C–H bonds of 2.4 including gas-phase acidity, ΔGgas, at the 
G3MP2 level98 (Gaussian09),99 the solution-phase pKa (H2O) values using the self-
consistent reaction field approach (SCRF)100 with the COSMO parameters101 as 
implemented in Gaussian03,102 and the BDE at the G3MP2 level (Figure 2.1).103 The 
results of the calculations support the concept of C–H acidity rather than BDE serving as 
the regioselectivity determining factor in C–H borylation, and are consistent with the 
greater observed reactivity of the C6-H azaborine bond over that of a benzene C–H bond. 
A related prior study has identified 1H NMR as a fairly accurate tool for predicting the 
regioselectivity of borylation of (hetero)arenes, with most substrates undergoing 
preferential borylation at ring positions bearing the proton that gives rise to the furthest 
downfield signal,72a but we found that this model fails to correctly predict the 
regioselectivity of azaborine borylation. 
 
 
 
 
                                                          
98 Curtiss, L. A.; Redfern, P. C.; Raghavachari, K.; Rassolov, V.; Pople, J. A. J. Chem. Phys. 1999, 110, 
4703−4709. 
99 Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; Scalmani, 
G.; Barone, V.; Mennucci, B.; Petersson, G. A.; et al. Gaussian 09, revision B.01; Gaussian, Inc.: 
Wallingford, CT, 2009. 
100 Tomasi, J.; Mennucci, B.; Cammi, R. Chem. Rev. 2005, 105, 2999−3094. 
101 (a) Klamt, A. Quantum Chemistry to Fluid Phase Thermodynamics and Drug Design; Elsevier: 
Amsterdam, 2005; (b) Klamt, A.; Schumann, G. J. Chem. Soc. Perkin Trans. 2 1993, 799−805. 
102 Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; 
Montgomery, J. A., Jr.; Vreven, T.; Kudin, K. N.; Burant, J. C.; et al. Gaussian 03, Revision E.01; 
Gaussian, Inc.: Wallingford, CT, 2004. 
103 1H NMR values are taken in CD2Cl2. 
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2.3.1.3 Substrate Scope for the Borylation of N-H Azaborines 
 Encouraged by our initial results, we explored the generality of this 
transformation by converting a wide variety of N-H azaborines to the corresponding C6-
boronic esters under the standard iridium catalyzed borylation conditions.104 In addition 
to the substrates mentioned in Scheme 2.28, N-TBS, B-Me azaborine underwent clean 
conversion to 6-B(pin) azaborine 2.73 via a two-step protocol involving initial nitrogen 
deprotection with TBAF followed by borylation of the crude reaction product (Table 2.4, 
entry 2). Azaborines with longer alkyl chains at boron were also borylated in high yield 
to form B-ethyl 2.75 and B-n-butyl 2.77 azaborine boronates (Table 2.4, entries 3-4). 
Azaborines bearing labile alkoxy substituents at boron served as suitable substrates from 
this reaction, granting B-n-butoxyl 2.79 and B-isopropyl 2.81 azaborine boronates in 
good yield (Table 2.4, entries 5-6). An azaborine bearing a para-substituted phenyl ring at 
boron was cleanly borylated at the C6 position to generate 2.84 in high yield (Table 2.4, 
entry 8), and finally the air- and moisture-stable substrate N-H, B-Mes was converted to 
                                                          
104 See Experimental Section for details regarding the preparation of starting materials for this screening. 
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2.87 in high isolated yield (Table 2.4, entry 9). An azaborine substrate bearing an alkyne 
at boron failed to undergo any observable conversion under these reaction conditions, 
likely due to deactivation of the iridium catalyst via binding of the alkyne π–bond, a 
tentative explanation consistent with the inverse first order dependence on coe shown by 
this catalytic system (vide supra).  
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We obtained X-Ray structures of 2.66 and 2.87 to unambiguously determine the 
regioselective borylation of the C6-position (Figure 2.2, hydrogen atoms are omitted for 
clarity).  
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2.3.2 Borylation of Disubstituted N-R1, B-R2 Azaborines 
2.3.2.1 Substrate Scope and Regioselectivity 
 Having established that N-H azaborines undergo regioselective borylation 
exclusively at the C6-position regardless of the steric bulk at boron, we investigated the 
borylation of N-substituted azaborine substrates that should be sterically prevented from 
undergoing borylation at the C6-position, leaving the C4 and C5 positions as the 
available reactive sites. The results of this study are collected in Table 2.5, and since the 
borylation of the C4 or C5 positions was sluggish at room temperature the reactions were 
conducted at elevated temperature. We observed no borylation at the sterically-blocked 
C3 or C6 ring positions for any of the N,B-disubstituted substrates, and product mixtures 
of C4- and C5-B(pin) materials were isolated in good to excellent yields. A preference 
for borylation at the C5 position was evident from these experiments, and this is likely 
due to an electronic directing effect rather than a steric directing effect—C5 borylation is 
more prominent in substrates bearing relatively small boron substituents than it is in 
substrates bearing relatively bulky boron substituents (2.96a/b vs. 2.90a/b). Our 
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calculations show that both the C4- and C5-H bonds of have nearly the same pKa, so the 
precise factors leading to the small degree of regioselectivity observed remain unclear. 
 
 
 Consistent with our calculations and established models introduced by others 
correlating borylation regioselectivity with C–H acidity (vide supra), we observed only 
traces of borylation resulting from activation of the sterically accessible yet relatively 
weakly acidic C3-H bond in N-TBS, B-H azaborine, presumably resulting from 
overreaction of the only sterically accessible C–H bond left in the C5-B(pin) isomer 
2.98b to form the C3/C5 bisborylated azaborine 2.105 (Scheme 2.29). Isolation of the 
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mixture of 2.98a and 2.98b followed by re-using this mixture in the reaction also led to 
generation of 2.105, confirming the validity of its production from 2.98b. 
 
 
2.3.2.2 Assignment of 1H NMR Spectra to C4/C5 B(pin) Isomers 
In most cases the regioisomers were unfortunately inseparable by silica gel 
chromatography, rendering this C4/C5 functionalization route limited in its practical 
synthetic usefulness. Pure isolated samples of 2.93a and 2.93b were able to be obtained 
due to the enhanced polarity differences of these substrates that rendered them separable 
by silica gel chromatography using a nonpolar eluent. 1H NMR spectra of each 
compound exhibited distinct characteristic chemical shift patterns for the three azaborine 
C–H protons, and we assigned the peak sets to the C4- or C5-borylated materials based 
on an X-Ray structure of the material corresponding to the lower-running fraction from 
the separation which was determined to be the C5-B(pin) isomer 2.93b. Although there is 
disorder in the rotational position of the fluorine atoms of the CF3 group in this structure, 
there is no doubt that the compound is borylated at the C5 ring position. Since all of the 
product mixtures with other N,B substituents exhibited very similar characteristic sets of 
1H NMR spectra, we assigned spectra of these regioisomers based on analogy to the 
assignments for 2.93a  and 2.93b.105 
                                                          
105 See section 2.3.2.3 for a brief discussion of another study supporting these results. 
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2.3.3 Activity of the Azaborine B-H Bond in Iridium catalyzed Borylation 
 Although we did not observe activation of the azaborine B-H bond under the 
normal reaction conditions examined, we hypothesized that the B-H bond of an azaborine 
should become involved in the iridium catalyzed borylation cycle under appropriate 
conditions to allow direct (hetero)arylation of the azaborine boron position through C–H 
activation of a (hetero)arene reaction partner. Taking inspiration from a report from 
Suginome and coworkers106 describing the use of the structurally somewhat similar 
boron-nitrogen reagent H-B(dan) in iridium catalyzed borylation using a phosphine 
ligand instead of dtbpy, we tested the suitability of the N-TBS, B-H azaborine to serve as 
a reaction partner with thiophene (Scheme 2.30, eq. 1). We observed traces of 2-
borylated thiophene 2.106 after extended reaction times, but the steric demand of the 
bulky N-TBS group likely prevented an efficient reaction in this system. 
 
 
 
 
 
 
 
 
 
 
 
                                                          
106 Iwadate, N.; Suginome, M. J. Organomet. Chem. 2009, 694, 1713-1717. 
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 With this result in mind we tested the same reaction using N-H, 6-arylated 
azaborine 2.107 that featured greatly reduced steric demand around the B-H bond and 
should be prevented from undergoing self-arylation as the reactive C6-position was 
blocked with an aryl substituent.107 Under Suginome’s reaction conditions we observed 
an efficient borylation of thiophene solvent, and we isolated compounds 2.108 and 2.109 
in good total yield following an extended reaction time (Scheme 2.30, eq. 2). Switching 
the ligand in the catalytic system back to dtbpy resulted in greatly reduced conversion of 
the starting material and yield of the products, consistent with the idea that this reactivity 
                                                          
107 See section 2.3.2.1 for details on the preparation of 2.107 via Suzuki-Miyaura cross coupling. 
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only takes place under forcing conditions and is not observed under the standard room 
temperature conditions (Scheme 2.30, eq. 3). We demonstrated the utility of this method 
by preparing an authentic sample of 2.71 (Scheme 2.30, eq. 4) to inform our competition 
experiment described in Scheme 2.28, eq. 4, a compound that could not be made through 
any other route available to us. This chemistry provides interesting potential as a method 
to functionalize B-H azaborines directly with unfunctionalized (hetero)arene partners, but 
stands in need of optimization before it may be broadly applied. 
2.3.4 Reactivity of Azaborine Boronic Esters 
2.3.4.1 Suzuki-Miyaura Cross Coupling 
 With a reliable, mild route to azaborine boronates in hand we were highly 
interested in demonstrating their suitability as reagents in Suzuki-Miyaura cross coupling 
to generate a library of azaborine-containing biaryl compounds featuring targets with 
chelating groups installed at the C6-position. Since N-H azaborines can be 
regioselectively borylated at the C6-position, we focused on cross coupling of this pool of 
substrates, and we were delighted to find that the azaborine boronic esters displayed 
excellent stability of the azaborine core under the strongly basic cross coupling 
conditions employed.108 As demonstrated by the results in Table 2.6, coupling of 
borylated azaborine substrates proceeds in good yield to grant access to C6-substituted 
azaborines bearing electron-neutral (entries 2.111-2.113), electron-deficient (entries 
2.114-2.119), and electron-rich (entries 2.120-2.122) arenes. Coupling with heteroaryl 
bromides grants facile access to C6-substituted azaborines bearing thienyl (entries 2.123-
2.124), pyridyl (entries 2.125-2.129), isoquinolinyl (entry 2.130), and quinolinyl (entries 
2.131-2.132) heteroarenes. 
                                                          
108 Harrisson, P.; Morris, J.; Marder, T. B.; Steel, P. G. Org. Lett. 2009, 11, 3586-3589. 
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 In contrast to the results of the high yielding Suzuki-Miyaura coupling between 
(hetero)arenes and B-aryl or B-alkyl azaborines, attempts to couple either B-O-alkyl or 
B-H azaborines under identical conditions result in extensive decomposition of the 
starting material azaborine likely due to the sensitivity of the labile boron groups towards 
strong base.109 We addressed this limitation by employing milder cross coupling 
conditions that enable the use of B-O-n-Bu azaborine 2.79 and B-H azaborine 2.66 in 
Suzuki-Miyaura couplings. Under a set of cross coupling conditions based on a catalytic 
system containing Pd2(dba)3/P(o-tol)3,
110 both 2.79 and 2.66 can be coupled in good 
yields with simple arenes (Table 2.7).  
 
 
This system was ineffective in the successful coupling using electron deficient 
arenes or heteroarenes as coupling partners, so we employed a catalytic system 
                                                          
109 (a) Query, I. P.; Squier, P. A.; Larson, E. M.; Isley, N. A.; Clark, T. B. J. Org. Chem. 2011, 76, 6452-
6456; (b) Bhadra, S.; Dzik, W. L.; Goossen, L. J. Angew. Chem. Int. Ed. 2013, 52, 2959-2962. 
110 Robbins, D. W.; Hartwig, J. F. Org. Lett. 2012, 14, 4266-4269. 
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containing Pd(OAc)2/SPhos
111 to carry out cross couplings of these substrates. In this 
system, the solvent butanol likely exchanges with the B-O-n-Bu group rapidly but does 
not lead to decomposition, allowing isolation of the products shown in Table 2.8 in 
moderate to good yield. 
 
 
Development of these latter sets of conditions is important from a synthetic 
strategy point of view—the products of the cross coupling reactions are primed for 
further reactivity at boron (vide supra). In addition to using B-H azaborine 2.107 for 
direct boron arylation, we demonstrated that B-O-n-Bu azaborine biaryl 2.138 can be 
used to prepare the C6-arylated B-alkyne azaborine 2.146 (Scheme 2.31, eq. 1), which 
cannot be prepared via initial borylation of the N-H, B-alkyne substrate 2.89 (vide supra). 
Finally, the ‘parent’ BN isostere of protonated bipy 2.147 can be prepared by reduction of 
2.144 with lithium aluminum hydride and subsequent protonation with HCl (Scheme 
2.31, eq. 2).  
                                                          
111 Billingsley, K.; Buchwald, S. L. J. Am. Chem. Soc. 2007, 129, 3358-3366. 
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As part of this study, we obtained X-Ray structures of several azaborine biaryl 
products that may be useful as N,N-ligands in coordination chemistry (Figure 2.3, 
hydrogen atoms are omitted for clarity). 
 
 
Lastly, it should be noted that mixtures of C4/C5 azaborines can be taken on as 
mixtures through Suzuki-Miyaura coupling to produce mixtures of C4/C5 arylated 
products in ratios that reflect the original C4/C5 ratio of B(pin) compounds. However, 
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since the mixtures remain inseparable following cross coupling, this protocol remains of 
limited synthetic value. 
2.3.4.2 Bromination of Azaborine Boronates 
 The potential to access brominated azaborines via the intermediacy of azaborine 
B(pin) compounds led us to explore this conversion. Treatment of 6-B(pin) azaborine 
2.87 with molecular bromine results in bromination of the C3-position to produce the bis-
functional azaborine 2.148, consistent with normal EAS reactivity exhibited by non-
borylated azaborines (Scheme 2.32, eq. 1).7 A 6-brominated azaborine 2.149 can be 
accessed via treatment of 2.87 with copper (II) bromide under conditions developed by 
Hartwig and coworkers,16 giving rise for the first time to an azaborine bearing a C–
halogen bond at a ring position other than C3 (Scheme 2.32, eq. 2). Development of this 
transformation opens possibilities to carry out a new set of transformations that require an 
aryl halide as the starting material, but broad application of this reaction is currently 
hampered by the fact that the protocol has only been demonstrated to be effective for the 
B-Mes azaborine 2.87, and even then in only modest yield. One interesting consequence 
of this transformation, however, is the provision of access to symmetrical 6,6’-azaborine 
dimer 2.150, formed from Suzuki-Miyaura cross coupling under standard conditions of 6-
Br azaborine 2.149 and 6-B(pin) azaborine 2.87 (Scheme 2.32, eq. 3). Once a scalable 
route to 2.149 and consequently to azaborines such as 2.150 can be developed, we may 
be able to access a library of near BN-isostere of the class of 2,2’-biindole compounds 
commonly found in natural products.112 
 
 
                                                          
112 Kumaran, E.; Fan, W. Y.; Leong, W. K. Org. Lett. 2014, 1342-1345. 
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2.3.4.3 B(pin) to OH Oxidation of Azaborine Boronates 
 We are also interested in using borylated azaborines as intermediates in the 
synthesis of BN-phenols bearing C-OH bonds, since only one previous report in the 
literature describes the formation of such a compound.113 After applying all of the B(pin) 
to OH conditions from Ref. 23 to the mixture of C4/C5 B(pin) N-TBS, B-Mes azaborines 
2.90a and 2.90b, we identified NMO as the ideal oxidant to carry out this transformation 
for azaborine boronates (Scheme 2.33, eq. 1).114 Intriguingly, only the C4-B(pin) isomer 
2.90a underwent conversion under these reaction conditions to generate azaborine phenol 
2.151, whereas the C5-B(pin) isomer 2.90b was isolated almost quantitatively from the 
                                                          
113 Ibid, Ref 7. A C3-OH azaborine is reportedly formed in this work, although certain spectral 
characteristics reported for the C3-OH compound call into question the accuracy of the report. 
114 Ibid, Ref 23f. Conditions from other papers found in Ref 25 either led to decomposition of the azaborine 
starting material to form a complex mixture or led to no conversion. 
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reaction. A plausible explanation is that a resonance structure building up partial negative 
charge on the B(pin) boron atom contributes more to the overall resonance for the C5-
B(pin) isomer 2.90b than a similar resonance structure contributes for the C4-B(pin) 
isomer 2.90a (Scheme 2.33, eq. 2) meaning that the C5-B(pin) group is less prone to 
undergo necessary initial attack from the NMO oxidant to produce a BN phenol.  
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The fact that unreacted 2.90b can be recovered in high yield based on the 
distribution of the mixture means that this kinetic resolution can be used to prepare clean 
C5-B(pin) compound not isolable by physical means. We used this preparation of clean 
2.90b to further confirm our assignment of the spectra of the mixture by transforming 
2.90b via a cross coupling-nitrogen deprotection sequence to 2.154 and then studying the 
2-D 1H-1H gCOSY and 2-D 1H-13D gHSQC spectra of this compound. Careful analysis of 
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the spectra provided conclusive evidence that the peaks in the mixture assigned to the C4 
and C5-B(pin) isomers were assigned correctly (Scheme 2.33, eq. 3).115 
While this discovery represents an important advance in the diversification of 
azaborines through C–H activation, the scope of this oxidation reaction is not broad as 
attempts to use this protocol on azaborines bearing less bulky B-groups than mesityl 
result in total loss of the C4-borylated material and partial recovery of C5-B(pin) isomers. 
Going forward, milder oxidation protocols are required to provide access to a library of 
BN-phenols using azaborine boronates as intermediates.  
2.3.5 Applications of Borylation/Cross Coupling to Access Emissive BN Materials 
2.3.5.1 Formation of Emissive Azaborine Complexes with Boron Electrophiles 
 With a robust method in hand to provide a wide range of N,N-azaborine biaryl 
compounds with the potential to serve as precursors to κ2-N,N-bidentate ligands (Table 
2.6, 2.125-2.132), we explored the suitability of these compounds to chelate electrophilic 
boron sources. The key goals of this study were to develop a reliable methodology to 
generate and use anionic N,N-azaborine biaryl substrates as ligands that could be 
quenched with electrophiles to generate emissive complexes, and to compare the 
properties of simple model complexes of boron electrophiles with the properties of 
carbonaceous analogs to gain understanding about the effects of BN/CC isosterism in 
these systems. 
 
 
 
 
                                                          
115 See supporting information for further details. 
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 Drawing inspiration from a report from Wang and coworkers detailing the 
synthesis and photoisomerization activity of 2.157 (Scheme 2.34, eq. 1),116 we prepared 
the azaborine-B(Mes)2 complex 2.160 (Scheme 2.34, eq. 2) and its direct carbonaceous 
analog 2.165 (Scheme 2.34, eq. 3). Treatment of 2.129 with n-butyllithium generated the 
corresponding anionic azaborine 2.159, which was stable in dry THF at room temperature 
as evidenced by a clean 1H NMR spectrum of the reaction mixture in THF-d8. Quenching 
of this nucleophile with F-B(Mes)2 2.156 following the protocol of Wang and coworkers 
led to the formation of 2.160 in modest isolated yield. The synthesis of 2.165 required 
development of a synthetic route starting from 1-iodo-2-bromo-3-methylbenzene 2.161. 
Attempts to access 2.165 directly from this compound via Negishi, Suzuki, or Stille 
coupling with appropriate 2-pyridyl nucleophiles failed, so 2.161 was converted to 
boronic ester 2.162 via Miyaura borylation which then successfully underwent cross 
coupling with 2-iodopyridine to provide 2.164. 2.165 was obtained in good yield from 
2.164 following a similar protocol as for 2.160. Neither 2.160 nor 2.165 displayed the 
photoisomerization behavior characteristic of 2.157. In the case of 2.165 it is likely that 
the steric bulk of the methyl group near the chelated boron atom restricts the 
isomerization, and in the case of 2.160 this effect may be reinforced by electronic factors. 
 
 
 
 
 
                                                          
116 Rao, Y. L.; Amarne, H.; Zhao, S.-B.; McCormick, T. M.; Martic, S.; Sun, Y.; Wang, R.-Y.; Wang, S. J. 
Am. Chem. Soc. 2008, 130, 12898-12900. 
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Following the synthesis of 2.160 and 2.165 we studied the optoelectronic 
properties of these emissive boron complexes, and Figure 2.4 shows the corresponding 
normalized absorbance and emission spectra. Table 2.9 shows the lowest energy peak 
absorption wavelength and the peak emission wavelength as well as the fluorescence 
quantum yields for these complexes.  
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These data indicate a bathochromic shift of 4878 cm-1 for the lowest energy 
absorbance peak of 2.160 versus that of 2.165, and a bathochromic shift in the emission 
maxima of 961 cm-1. The fluorescence quantum yield of 2.160 is nearly an order of 
magnitude higher than that of its carbonaceous analog 2.165. A substantial difference in 
Stokes shift is observed for 2.160 (~5300 cm-1) versus that observed for 2.165 (~9200 
cm-1), and this difference can be attributed to the substantial difference in the lowest-
energy absorption peaks, which is predicted by TD-DFT calculations.117 
                                                          
117 See the Experimental Section for details. 
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We also prepared and studied azaborine-BF2 complex 2.167 via a closely 
analogous route we used to access 2.160 (Scheme 2.35), although unfortunately despite 
several attempts we were unable to synthesize the carbonaceous analog of 2.167. 
Nevertheless we studied the properties of 2.167 in comparison to those of 2.160 to gain 
information about the magnitude of the changes in optoelectronic properties resulting 
from changing the chelated boron electrophile (Figure 2.5, Table 2.10). A hypsochromic 
shift of only 1677 cm-1 is observed for the lowest energy absorbance peak of 2.167 versus 
that of 2.160, and a hypsochromic shift is also observed in the emission maxima of 540 
cm-1. The fluorescence quantum yield of 2.160 is nearly two and a half times higher than 
that of the [BF2] complex 2.167. A noticeable difference in Stokes shift is observed for 
2.160 (~5300 cm-1) versus that observed for 2.167 (~6400 cm-1). 
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We obtained X-Ray structures of 2.160 and 2.167 to unambiguously characterize 
their structural features and to compare the bond distances around the chelated boron 
atom to those of known compound 2.157118 (Figure 2.6, Table 2.11). A trend towards 
constricted bond distances between the pyridine nitrogen and the chelated boron atom is 
evident moving from the carbonaceous 2.157 to its near analog 2.160, with a significant 
reduction in bond length observed in the complex with the arguably more electrophilic 
boron center, 2.167. The bond distances between the formally anionic nitrogen of the 
azaborine substrates and the chelated boron atoms are significantly shorter than the 
distances between the neutral nitrogens and the same boron atoms (N1–B2 vs. N2–B2), 
which is expected due to the dative nature of the N2–B2 bond. The B–C bonds 
surrounding the chelated boron atom in 2.157 and 2.160 are similar to one another, so the 
nature of the chelate has little effect on the more distant bonds. The intra-ring N1–B1 
distances decrease slightly going from 2.160 to 2.167, and the N1–B1 bond distance of 
the closely related N-H ligand 2.147 is shorter still. 
 
 
                                                          
118 Ibid, Ref. 116. Unfortunately we did not succeed in obtaining X-Ray quality single crystals of 2.165 by 
the writing of this document. 
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2.3.5.2 Attempts to Form Transition Metal Coordination Complexes 
 With a robust method to generate anionic N,N azaborine-containing biaryl 
compounds, we hoped that straightforward quenching of these anions with various 
electrophilic transition metal sources would allow facile generation of transition metal 
complexes analogous to 2.160. After surveying the reaction of 6-[2-pyridyl], N-H, B-Me 
2.129 and its deprotonated analog 2.159 with various transition metal sources under 
conditions known to facilitate rapid formation of complexes with derivatives of 
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bipyridine,119 2-(1H-pyrrol-2-yl)pyridine,120 phenyl pyridine,121 dipyrrin,122 or even a 
closely related N,N-ligand123 or azaborine substrate,124 we have not been able to observe 
formation of an N,N-chelated transition metal complex. Instead, reactions with anionic 
2.159 typically result in rapid regeneration of N-H 2.129 even after extensive efforts to 
dry reaction solvents and reagents. In some cases, free 2.159 can be observed by 1H NMR 
during reactions run in THF-d8 in the presence of an electrophilic metal source such as 
(Cp)2ZrCl2, and 2.129 is rapidly generated upon quenching of this reaction with water.  
In contrast to our ongoing struggles to isolate N,N-chelated transition metal 
complexes of azaborine ligand precursors from Table 2.6, we have had success in 
isolating a N,C-chelated platinum complex. Inspired again by work from Wang and 
coworkers,125 we synthesized azaborine-containing platinum complex 2.170 from 2.125 
(Scheme 2.36) through a simple 3-step, semi-one pot reaction sequence. Treatment of 
azaborine precursors with Pt complex 2.168126 followed by addition of triflic acid to the 
same solution cleanly generated intermediate 2.169 as evidenced by 1H NMR. After 
switching the solvent to methanol, sodium(acac) was added and 2.170 was isolated 
following chromatography of the crude material.  
                                                          
119 (a) Zakeeruddin, S. M.; Nazeeruddin, M. K.; Humphry-Baker, R.; Graetzel, M.; Shklover, V. Inorg. 
Chem. 1998, 37, 5251-5259; (b) Wang, P.; Zakeeruddin, S. M.; Moser, J. E.; Nazeeruddin, M. K.; 
Sediguchi, T.; Graetzel, M. Nature Mater.2003, 2, 402-407. 
120 (a) Emmert, B.; Schneider, O. Chem. Ber. 1933, 1875-1876; (b) Perry, C. L.; Weber, J. H. J. Inorg. 
Nucl. Chem. 1971, 33, 1031-1039; (c) Wang, H.; Zeng, Y.; Ma, J. S.; Fu, H.; Yao, J.; Mikhaleva, A. I.; 
Trofimov, B. A. Chem. Commun. 2009, 5457-5459. 
121 (a) Gutierrez, M. A.; Newkome, G. R.; Selbin, J. J. Organomet. Chem. 1980, 202, 341-350; (b) Craig, 
C. A.; Watts, R. J. Inorg. Chem. 1989, 28, 309-313. 
122 (a) Yu, L.; Muthukumaran, K.; Sazanovich, I. V.; Kirmaier, C.; Hindin, E.; Diers, J. R.; Boyle, P. D.; 
Bocian, D. F.; Holten, D.; Lindsey, J. S. Inorg. Chem. 2003, 42, 6629-6647; (b) Yadav, M.; Kumar, P.; 
Singh, A. K.; Ribas, J.; Pandey, D. S. Dalton Trans. 2009, 9929-9934; (c) Artigau, M.; Bonnet, A.; 
Ladeira, S.; Hoffmann, P.; Vigroux, A. CrystEngComm 2011, 13, 7149-7152. 
123 Lee, C.-I.; Zhou, J.; Ozerov, O. V. J. Am. Chem. Soc. 2013, 135, 3560-3566. 
124 Pan, J.; Kampf, J. W.; Ashe, A. J., III Organometallics, 2008, 27, 1345-1347. 
125 Rao, Y.-L.; Schoenmakers, D.; Chang, Y.-L.; Lu, J.-S.; Lu, Z.-H.; Kang, Y.; Wang, S. Chem. Eur. J. 
2012, 18, 11306-11316. 
126 Hudson, Z. M.; Blight, B. A.; Wang, S. Org. Lett. 2012, 14, 1700-1703. 
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A strong steric bias exists in this case to form a metal-azaborine bond at the C5 
position rather than at the N position and the characteristic reactivity of the Pt complex 
used in this reaction involves forming N,C-chelates, so it was expected that this would be 
the final product. We obtained an X-Ray structure of 2.170 to unambiguously 
characterize its structure and connectivity (Figure 2.7). The Pt–N2 (2.011 Å) and Pt–C1 
(1.979 Å) bonds are considerably longer than those between a chelated boron atom and 
the ligand, as in 2.160 (1.586 Å and 1.649 Å). Chelation of the Pt does not significantly 
affect the intraring B1–N1 bond of the azaborine, as it shortens only slightly from 1.435 
Å to 1.416 Å upon binding of the Pt. 
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2.4 Conclusion 
 This work describes the first synthetic elaboration of the C4, C5, and C6 ring 
positions of azaborines, developing the only known route to carry out functionalization of 
these ring positions following formation of an aromatic BN core. Application of the 
powerful iridium catalyzed C–H borylation methodology allows efficient preparation of 
azaborine boronic esters directly from unfunctionalized azaborine starting materials. The 
steric and electronic factors controlling the regioselectivity of azaborine borylation have 
been explored in detail, and the lessons learned from these studies will inform future 
target-oriented synthetic endeavors. The azaborine boronates serve as viable partners in 
Suzuki-Miyaura couplings, facilitating rapid diversification of common azaborine 
intermediates. In limited cases the azaborine boronates also function as starting materials 
in the synthesis of a BN-phenol and a C6-brominated azaborine, highlighting the 
potential for the future development of wider-reaching functional group interconversions 
based on the established chemistry of aryl-B(pin) compounds. Methodology has been 
developed to generate a stable anionic N,N-azaborine that forms emissive complexes 
with boron electrophiles and may serve as a suitable ligand in coordination chemistry. 
Optoelectronic studies of an emissive boron complex and its carbonaceous analog show 
that BN/CC isosterism leads to a large bathochromic shift in the lowest energy 
absorbance wavelength. We envision that the synthetic tools provided in this chapter for 
regioselective elaboration of azaborines through the carbon backbone will contribute to 
enabling the application of azaborines across a number of fields. 
 
 
175
2.5 Experimental Section 
2.5.1 General Information 
 11B, 1H, and 13C spectra were recorded on either a Varian Unity/Inova 300 
spectrometer, a Varian Unity/Inova 500 spectrometer, or a Bruker Avance III HD 600 
NMR spectrometer at ambient temperature. Chemical shifts are reported in ppm with the 
solvent resonance as internal standard (CD2Cl2: 5.32 ppm). Data are described as follows 
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m 
= multiplet), coupling constants (Hz), and integration. 13C NMR spectra are reported with 
the solvent resonance as internal standard (CD2Cl2: 54 ppm). 
11B NMR chemical shifts 
are externally referenced to BF3•Et2O (0 ppm). 
All oxygen- and moisture-sensitive manipulations were carried out under an inert 
atmosphere (N2) using either standard Schlenk techniques or a dry box. 
THF, Et2O, CH2Cl2, toluene, and pentane were purified by passing through a 
neutral alumina column under argon. 2-bromopyridine was dried over KOH, distilled 
under partial vacuum over CaO, and degassed through the freeze-pump-thaw technique 
prior to use. All other chemicals and solvents were purchased and used as received. 
IR spectra were recorded on a Nicolet Magna 550 FT-IR instrument with OMNIC 
software. 
High-resolution mass spectrometry data were obtained at the Boston College mass 
spectrometry facility on a JEOL AccuTOF instrument (JEOL USA, Peabody, MA), 
equipped with a DART ion source (IonSense, Inc., Danvers, MA) in positive ion mode. 
Gas Chromatography was performed using helium as carrier gas on an Agilent 
6850 Series II instrument equipped with a flame ion detector. 
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Fluorescence emission spectra were collected on a Jobin Yvon Horiba Fluoromax 
4 spectrometer in dry degassed THF or cyclohexane. Photoluminescence quantum yields 
were calculated using anthracene and 9,10–diphenylanthracene standards by standard 
procedures. UV-Vis spectra were collected on an Agilent 8453 spectrophotometer with 
ChemStation software. Extinction coefficients were calculated by finding the slope of the 
absorbance plot at different known concentrations using the Beer-Lambert Law. 
2.5.2 Experimental Procedures 
2.5.2.1 General Procedures for Borylation and Cross Coupling 
General Procedure A for Iridium catalyzed Borylation: Inside a nitrogen atmosphere 
dry box, a 20 mL scintillation vial was charged with [Ir(cod)(OMe)]2 (0.010 g, 0.015 
mmol), dtbpy (0.008 g, 0.030 mmol), and B2(pin)2 (0.28 g, 1.1 mmol) and 1.5 mL 
MTBE. The catalyst mixture was aged for 10 minutes during which the solution turned 
color from light yellow to dark brown. The catalyst mixture was added to neat azaborine 
substrate (1.0 equiv) in a scintillation vial containing a magnetic stir bar. 0.9 mL MTBE 
was added to the empty catalyst vial to dissolve residual catalyst mixture and the second 
portion of solvent was transferred to the reaction vial for a total volume of 2.4 mL 
MTBE. The reaction was stirred at room temperature for the indicated time for each 
substrate. When the reaction was judged to be complete by 1H NMR, the solution was 
concentrated under reduced pressure to yield brown solids or a brown oil. The crude 
material was purified by silica gel chromatography in the dry box using pentane:ether as 
eluent. 
General Procedure B for Iridium catalyzed Borylation: Inside a nitrogen atmosphere 
dry box, a 20 mL scintillation vial was charged with [Ir(cod)(OMe)]2 (0.005 g, 0.070 
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mmol), dtbpy (0.003 g, 0.014 mmol), and B2(pin)2 (0.13 g, 0.55 mmol). The catalyst 
mixture was aged for 10 minutes during which the solution turned color from light yellow 
to dark brown. The catalyst mixture was added to neat azaborine substrate (0.50 mmol) in 
an unregulated pressure vessel containing a magnetic stir bar. The vial previously 
containing the catalyst mixture was rinsed with MTBE into the reaction vessel to transfer 
the mixture quantitatively to end with a total volume of 1.5 mL MTBE in the reaction 
vessel. The reaction was sealed and heated at 80 °C for 2 hours, after which the reaction 
was concentrated under reduced pressure. The crude material was purified by silica gel 
chromatography using ether:pentane as eluent. 
General Procedure A for Suzuki-Miyaura Cross Coupling: Inside a nitrogen 
atmosphere dry box, a 20 mL scintillation vial was charged with a magnetic stir bar, 
(hetero)aryl halide (0.33 mmol), azaborine boronate (0.31 mmol), Pd(dppf)Cl2 (4.5 mg, 
0.006 mmol, catalyst loading = 2 mol%), and KOH (52 mg, 0.93 mmol). 1.5 mL of a 
2.4:1.0 v:v mix of MTBE:H2O was used as solvent. The reaction was sealed and heated at 
80 °C for 12 hours. After cooling, 1 mL diethyl ether was added and the organic layer 
was separated and collected. This process was repeated twice. The combined organic 
phases were concentrated under reduced pressure and the crude residue was purified by 
silica gel chromatography using pentane:ether as eluent. 
General Procedure B for Suzuki-Miyaura Cross Coupling: Inside a nitrogen 
atmosphere dry box, a 20 mL scintillation vial was charged with aryl halide (0.79 mmol), 
2.66 or 2.79 (0.75 mmol), Pd2(dba)3 (14 mg, 0.014 mmol, catalyst loading = 4 mol% Pd), 
tri-o-tolylphosphine (18 mg, 0.60 mmol), Na2CO3 (318 mg, 3.0 mmol), a magnetic bar of 
stirring, and 2.25 mL THF. The vial was sealed with a septum cap and 125 uL water was 
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added via syringe outside the dry box. The reaction was stirred at room temperature for 
the indicated period of time until judged complete by TLC, at which point the reaction 
was diluted with 2 mL ether. Ca. 100 mg MgSO4 was added and the suspension was 
filtered through an Acrodisc inside the dry box. The filtrate was concentrated under 
reduced pressure and the crude material was purified by silica gel chromatography using 
pentane:ether as eluent. 
General Procedure C for Suzuki-Miyaura Cross Coupling: Inside a nitrogen 
atmosphere dry box, a 15 mL pressure vessel was charged with (hetero)aryl halide (0.79 
mmol), 2.79 (208 mg, 0.75 mmol), Pd(OAc)2 (2 mg, 0.0075 mmol, catalyst loading = 1 
mol%), SPhos (6 mg, 0.015 mmol), K3PO4 (207 mg, 0.98 mmol), a magnetic stir bar, and 
1.6 mL degassed n-BuOH. The pressure vessel was sealed with a septum and removed 
from the dry box. 60 uL H2O was added through the septum with a syringe and the 
pressure vessel was sealed under a stream of nitrogen. The reaction was heated at 60 °C 
for 10 hours. After this time period the reaction was allowed to cool to room temperature 
and then was diluted with 3 mL Et2O. The suspension was filtered through an Acrodisc 
and the filtrate was concentrated under reduced pressure while being gently heated at 45 
°C to assist in the removal of the alcoholic solvent. The crude material was purified by 
silica gel chromatography using pentane:ether as eluent. 
2.5.2.2 Borylation Competition Experiments in Scheme 2.28 
Intermolecular Borylation Experiment. Inside a nitrogen atmosphere dry box, a 4-mL 
scintillation vial was charged with 2.4 (0.030 g, 0.38 mmol), benzene (0.030 g, 0.38 
mmol), and hexamethylbenzene (2 mg). A second 4-mL scintillation vial was charged 
with [Ir(cod)(OMe)]2 (0.004 g, 0.006 mmol), dtbpy (0.003 g, 0.01 mmol), B2(pin)2 (0.039 
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g, 0.15 mmol), and 0.4 mL THF-d8. The catalyst mixture was aged for 10 minutes. The 
vial containing 1 was rinsed with 2 portions of 0.2 mL THF-d8 into a J-Young NMR 
tube, and subsequently the catalyst mixture was added, followed by a rinse of the catalyst 
vial with 0.2 mL THF-d8. The J-Young tube, containing a total volume of 1 mL THF-d8, 
was sealed and inverted repeatedly to stir. 1H NMR spectra were collected in 15-minute 
intervals over the course of 4 hours to follow the course of the reaction. Traces of 2.66 
appeared beginning at the 15 minute mark and the peaks corresponding to 2.66 grew 
steadily as the reaction proceeded. No peaks belonging to borylated benzene were 
observed during the 4 hours. During this time 54% conversion of 2.4 to 2.66 was 
observed by integration against the internal standard. The reaction rate slowed noticeably 
once ca. 40% conversion of 2.4 was reached, correlating with the consumption of B2(pin)2 
and slower reactivity with HB(pin) as the boronic ester source. 
Intramolecular Borylation Experiment #1. Inside a nitrogen atmosphere dry box, a 20 
mL scintillation vial was charged with [Ir(cod)(OMe)]2 (0.021 g, 0.031 mmol), dtbpy 
(0.017 g, 0.062 mmol), B2(pin)2 (0.55 g, 2.2 mmol), and 4 mL MTBE. The catalyst 
mixture was aged for 10 minutes and then transferred to a vial containing 2.67 (0.32 g, 
2.1 mmol) and a magnetic stir bar. The catalyst vial was rinsed with 0.8 mL MTBE and 
the rinse was transferred to the reaction vial for a total volume of 4.8 mL MTBE. The 
reaction was stirred at room temperature for 4 hours at which time it was judged to be 
complete by 1H NMR. The solution was concentrated under reduced pressure to yield a 
brown solid. The crude material was purified by silica gel chromatography using 10% 
Et2O in pentane to yield a white solid. Full characterization of this white solid revealed it 
to be pure 2.68 (0.44 g, 75% yield). No traces of differently borylated material were 
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observed in the spectra of the crude material or purified material. Spectral data for 2.68 
are listed here. 1H NMR (500 MHz, CD2Cl2): δ 8.78 (br s, 1H), 7.86 (d, 
3JHH = 7.5 Hz, 
2H), 7.79 (dd, 3JHH = 11.0, 6.5 Hz, 1H), 7.42 (m, 4H), 6.97 (d, 
3JHH = 6.5 Hz, 1H), 1.38 
(s, 12H); 13C NMR (125.8 MHz, CD2Cl2): δ 143.3, 132.2, 128.9, 128.0, 120.1, 84.9, 24.6; 
11B NMR (96 MHz, CD2Cl2): δ 34.0, 29.7; FTIR (thin film): ῦ = 3490, 3100-2900, 1600, 
1540, 1400, 1370, 1280, 1155, 985, 855, 750; HRMS (EI) calcd for C16H21NB2O2 [M]
+ 
281.17628, 281.17584 found. 
Intramolecular Borylation Experiment #2. Inside a nitrogen atmosphere dry box, a 4 
mL scintillation vial was charged with 2.69 (0.030 g, 0.19 mmol), [Ir(cod)(OMe)]2 (0.002 
g, 0.003 mmol), dtbpy (0.002 g, 0.006 mmol), B2(pin)2 (0.019 g, 0.075 mmol), 
hexamethylbenzene (0.001 g) and 0.5 mL THF-d8. The vial containing 2.69 was rinsed 
with 2 portions of 0.2 mL THF-d8 into a J-Young NMR tube, and the tube was sealed 
and inverted repeatedly to stir. 1H NMR spectra were collected in 20-minute intervals 
over the course of 4 hours to follow the course of the reaction. Peaks corresponding to 
2.70 grew in during the course of the reaction while no peaks corresponding to 2.71 were 
observed at any point.  
2.5.2.3 Complete Details of the Computational Methods for Figure 2.1 
The geometries of 1,2-azaborine, 2.4, and benzene were optimized at the density 
functional theory (DFT)127 level with the hybrid B3LYP exchange-correlation 
functional128,129 and DZVP2 as basis set.130 Vibrational frequencies were calculated to 
                                                          
127 Parr, R. G.; Yang, W. Density-Functional Theory of Atoms and Molecules; Oxford University Press: 
New York, 1989. 
128 Becke, A. D. Density-Functional Thermochemistry. III. The Role of Exact Exchange. 
J. Chem. Phys. 1993, 98, 5648-5652. 
129 Lee, C.; Yang, W.; Parr, R. G. Development of the Colle-Salvetti Conelation Energy Formula into a 
Functional of the Electron Density. Phys. Rev. B 1988, 37, 785-789. 
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show that the structures were minima. The B3LYP/DZVP2 geometries were used as 
starting points for G3MP2 calculations131 which provide a good compromise in terms of 
computational cost and accuracy for a broad range of organic compounds. All 
calculations were done with Gaussian09.132 The total energies are given in Table S1. The 
Cartesian x,y,z coordinates in angstroms at the B3LYP/DZVP2 level for the optimized 
geometries are given in Table S2. The solvation free energies in water at 298 K were 
calculated using the self-consistent reaction field approach (SCRF)133 with the COSMO 
parameters134,135 as implemented in the Gaussian03.136 For the COSMO 
(B3LYP/DZVP2) calculations in Gaussian 03, the radii developed by Klamt and co-
                                                                                                                                                                             
130 Godbout, N.; Salahub, D. R.; Andzelm, J.; Wimmer, E. Optimization of Gaussian-type Basis Sets for 
Local Spin Density Functional Calculations. Part I. Boron through Neon, Optimization Technique and 
Validation. Can. J. Chem., 1992, 70, 560-571. 
131 Curtiss, L. A.; Redfern, P. C.; Raghavachari, K.; Rassolov, V.; Pople, J. A. Gaussian-3 theory using 
reduced Moller–Plesset order. J. Chem. Phys. 1999, 110, 4703−4709. 
132 Gaussian 09, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. 
R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.; Caricato, M.; Li, X.; 
Hratchian, H. P.; Izmaylov, A. F.; Bloino, J.; Zheng, G.; Sonnenberg, J. L.; Hada, M.; Ehara, M.; Toyota, 
K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Vreven, T.; 
Montgomery, Jr., J. A.; Peralta, J. E.; Ogliaro, F.; Bearpark, M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; 
Staroverov, V. N.; Kobayashi, R.; Normand, J.; Raghavachari, K.; Rendell, A.; Burant, J. C.; Iyengar, S. S.; 
Tomasi, J.; Cossi, M.; Rega, N.; Millam, N. J.; Klene, M.; Knox, J. E.; Cross, J. B.; Bakken, V.; Adamo, 
C.; Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; 
Ochterski, J. W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, 
J. J.; Dapprich, S.; Daniels, A. D.; Farkas, Ö.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox, D. J. 
Gaussian, Inc., Wallingford CT, 2009. 
133 Tomasi, J.; Mennucci, B.; Cammi, R. Quantum Mechanical Continuum Solvation Models. Chem. Rev. 
2005, 105, 2999-3094. 
134 Klamt, A. Quantum Chemistry to Fluid Phase Thermodynamics and Drug Design, Elsevier, Amsterdam, 
2005. 
135 Klamt, A.; Schümann, G. COSMO: a new approach to dielectric screening in solvents with explicit 
expressions for the screening energy and its gradient. J. Chem. Soc. Perkin Trans. 2 1993, 799-805. 
136 Gaussian 03, Revision E.01, Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; 
Cheeseman, J. R.; Montgomery, Jr., J. A.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; Iyengar, 
S. S.; Tomasi, J.; Barone, V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, 
H.; Hada, M.; Ehara, M.; Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; 
Kitao, O.; Nakai, H.; Klene, M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Bakken, V.; Adamo, C.; 
Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, 
J. W.; Ayala, P. Y.; Morokuma, K.; Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; 
Dapprich, S.; Daniels, A. D.; Strain, M. C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; 
Foresman, J. B.; Ortiz, J. V.; Cui, Q.; Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; 
Liashenko, A.; Piskorz, P.; Komaromi, I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. 
Y.; Nanayakkara, A.; Challacombe, M.; Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, 
C.; and Pople, J. A.; Gaussian, Inc., Wallingford CT, 2004. 
182
workers were used to define the cavity. The aqueous Gibbs free energy (free energy in 
aqueous solution) (ΔGaq) was calculated from Eq. 1: 
ΔGaq = ΔGgas + ΔΔGsolv        (1) 
where ΔGgas is the gas phase free energy (from the G3MP2) and ΔΔGsolv is the aqueous 
solvation free energy calculated as differences between the conjugate base and the acid 
(X–H → X– + H+). A dielectric constant of 78.39 corresponding to that of bulk water was 
used in the COSMO calculations. The solvation energy is reported as the electrostatic 
energy (polarized solute - solvent). Theoretical pKa values in aqueous solution were 
calculated from Eq. 2: 
pKa = ΔGaq/(2.303RT)        (2) 
where R is the gas constant and T = 298 K is the temperature. The calculations were 
performed on a Xeon-based Dell Linux cluster at the University of Alabama, and a local 
AMD Opteron-based and Intel Xeon-based Linux cluster from Penguin Computing.  
Table S1. Total Energies in a.u. 
Molecule 
Charge 
(State) 
G3MP2 
COSMO 
∆H(0K) ∆H(298K) ∆G(298K) 
1,2-azaborine 0/1A' -235.259061 -235.253236 -235.286832 -6.59 
1,2-azaborine (N) -1/1A' -234.686133 -234.680464 -234.713765 -62.68 
1,2-azaborine (B) -1/1A' -234.594008 -234.588008 -234.621898 -83.22 
1,2-azaborine (3C) -1/1A' -234.610348 -234.604393 -234.638196 -79.05 
1,2-azaborine (4C) -1/1A' -234.620338 -234.614405 -234.648150 -74.56 
1,2-azaborine (5C) -1/1A' -234.627477 -234.621618 -234.655253 -69.84 
1,2-azaborine (6C) -1/1A' -234.644153 -234.638398 -234.671837 -63.46 
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benzene 0/1A1g -231.829731 -231.824282 -231.854872 -4.05 
benzene (C) -1/1A' -231.193948 -231.188486 -231.220755 -70.26 
1,2-azaborine (N) 0/2A' -234.586661    
1,2-azaborine (B) 0/2A' -234.589771    
1,2-azaborine (3C) 0/2A' -234.585192    
1,2-azaborine (4C) 0/2A' -234.589184    
1,2-azaborine (5C) 0/2A' -234.578643    
1,2-azaborine (6C) 0/2A' -234.585294    
benzene (C) 0/2A' -231.153719    
 
Table S2. Optimized B3LYP/DZVP2 x,y,z coordinates in angstroms.  
 
1,2-azaborine 
0 1 
  C     -1.196479    0.692094    0.000000 
  C      0.000000    1.366777    0.000000 
  C     -0.047682   -1.479666    0.000000 
  C     -1.214564   -0.738008    0.000000 
  H     -2.122395    1.256374    0.000000 
  H      0.046249    2.451400    0.000000 
  H      2.024339    1.257017    0.000000 
  H      2.371821   -1.245250    0.000000 
  H     -0.130759   -2.564342    0.000000 
  H     -2.186885   -1.229600    0.000000 
  B      1.285149   -0.753865    0.000000 
  N      1.189177    0.685220    0.000000 
 
1,2-azaborine (N) 
-1 1 
  C      0.000000    1.355287    0.000000 
  C     -1.205827    0.623516    0.000000 
  C      1.247272   -0.742302    0.000000 
  C      1.229982    0.655120    0.000000 
  H     -0.025501    2.444745    0.000000 
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  H     -2.139487    1.209560    0.000000 
  H     -0.161316   -2.686380    0.000000 
  H      2.222718   -1.238740    0.000000 
  H      2.159449    1.233871    0.000000 
  B     -0.093381   -1.470252    0.000000 
  N     -1.316789   -0.708789    0.000000 
 
1,2-azaborine (B) 
-1 1 
  C      1.187100    0.641154    0.000000 
  C      0.000000    1.336134    0.000000 
  C     -0.054607   -1.481103    0.000000 
  C      1.143392   -0.797060    0.000000 
  H      2.131597    1.177582    0.000000 
  H     -0.010290    2.428979    0.000000 
  H      0.026586   -2.573180    0.000000 
  H      2.104363   -1.325890    0.000000 
  B     -1.493370   -0.798296    0.000000 
  N     -1.204837    0.684159    0.000000 
  H     -2.006865    1.300132    0.000000 
 
1,2-azaborine (3C) 
-1 1 
  C      1.184462    0.642631    0.000000 
  C      0.000000    1.339927    0.000000 
  C      0.062569   -1.631867    0.000000 
  C      1.191040   -0.806086    0.000000 
  H      2.119261    1.208230    0.000000 
  H     -0.047393    2.426804    0.000000 
  H      2.209905   -1.235971    0.000000 
  B     -1.233533   -0.818052    0.000000 
  N     -1.190515    0.638409    0.000000 
  H     -2.035129    1.203032    0.000000 
  H     -2.373795   -1.248323    0.000000 
 
1,2-azaborine (4C) 
-1 1 
  C     -1.206522    0.675003    0.000000 
  C      0.000000    1.340311    0.000000 
  C     -0.149029   -1.477138    0.000000 
  C     -1.384407   -0.775253    0.000000 
  H     -2.094330    1.316944    0.000000 
  H      0.076901    2.430298    0.000000 
  B      1.204699   -0.812645    0.000000 
  N      1.187686    0.637470    0.000000 
  H      2.035764    1.185654    0.000000 
185
  H      2.297790   -1.334936    0.000000 
  H     -0.213679   -2.574568    0.000000 
 
1,2-azaborine (5C) 
-1 1 
  C     -1.347158   -0.739657    0.000000 
  C     -1.211895    0.640452    0.000000 
  C      1.202067   -0.811953    0.000000 
  C     -0.063523   -1.412253    0.000000 
  H     -2.083470    1.306172    0.000000 
  B      1.282209    0.696075    0.000000 
  N      0.000000    1.341594    0.000000 
  H     -0.074289    2.354205    0.000000 
  H      2.274233    1.382660    0.000000 
  H      2.083175   -1.461898    0.000000 
  H     -0.087637   -2.512203    0.000000 
 
1,2-azaborine (6C) 
-1 1 
  C      1.249472   -0.591226    0.000000 
  C      1.288565    0.827535    0.000000 
  C     -1.212975   -0.812119    0.000000 
  C      0.068611   -1.376429    0.000000 
  B     -1.278739    0.691174    0.000000 
  N      0.000000    1.367731    0.000000 
  H      0.003960    2.381260    0.000000 
  H     -2.282207    1.366998    0.000000 
  H     -2.077403   -1.478265    0.000000 
  H      0.181766   -2.467754    0.000000 
  H      2.205538   -1.118790    0.000000 
 
Benzene 
0 1 
  C      0.000000    1.401783    0.000000 
  C      1.213980    0.700892    0.000000 
  C      1.213980   -0.700892    0.000000 
  C      0.000000   -1.401783    0.000000 
  C     -1.213980   -0.700892    0.000000 
  C     -1.213980    0.700892    0.000000 
  H      0.000000    2.488106    0.000000 
  H      2.154763    1.244053    0.000000 
  H      2.154763   -1.244053    0.000000 
  H      0.000000   -2.488106    0.000000 
  H     -2.154763   -1.244053    0.000000 
  H     -2.154763    1.244053    0.000000 
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Benzene (C) 
-1 1 
  C      0.000000    1.178629    0.756279 
  C      0.000000    1.204548   -0.654198 
  C      0.000000    0.000000   -1.378609 
  C      0.000000   -1.204548   -0.654198 
  C      0.000000   -1.178629    0.756279 
  C      0.000000    0.000000    1.565343 
  H      0.000000    2.158041    1.252767 
  H      0.000000    2.157035   -1.191293 
  H      0.000000    0.000000   -2.468316 
  H      0.000000   -2.157035   -1.191293 
  H      0.000000   -2.158041    1.252767 
 
1,2-azaborine (N) 
0 2 
  C     -1.262008    0.673798    0.000000 
  C     -1.195779   -0.782488    0.000000 
  C      1.288696    0.742785    0.000000 
  C      0.003986    1.411436    0.000000 
  H     -2.232504    1.189723    0.000000 
  H     -2.143345   -1.356917    0.000000 
  H      2.366023   -1.670357    0.000000 
  H      2.239293    1.303792    0.000000 
  H     -0.023090    2.516659    0.000000 
  B      1.356850   -0.952491    0.000000 
  N      0.000000   -1.356233    0.000000 
 
1,2-azaborine (B) 
0 2 
  C      0.000000    1.312317    0.000000 
  C     -1.187660    0.624163    0.000000 
  C      1.310925   -0.773926    0.000000 
  C      1.246499    0.608530    0.000000 
  H     -0.017634    2.396377    0.000000 
  H     -2.148030    1.130815    0.000000 
  H      2.289849   -1.246482    0.000000 
  H      2.160004    1.203394    0.000000 
  B      0.001382   -1.532065    0.000000 
  N     -1.199510   -0.751773    0.000000 
  H     -2.113109   -1.187871    0.000000 
 
1,2-azaborine (3C) 
0 2 
  C      1.205061    0.632145    0.000000 
  C      0.000000    1.291220    0.000000 
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  C      0.056235   -1.481021    0.000000 
  C      1.238585   -0.808044    0.000000 
  H      2.126993    1.204145    0.000000 
  H     -0.053450    2.375085    0.000000 
  H      2.207129   -1.309367    0.000000 
  B     -1.305295   -0.834461    0.000000 
  N     -1.191928    0.606735    0.000000 
  H     -2.025760    1.182849    0.000000 
  H     -2.384225   -1.333353    0.000000 
 
1,2-azaborine (4C) 
0 2 
  C     -1.215870   -0.755093    0.000000 
  C     -1.193238    0.622890    0.000000 
  C      1.276744   -0.865901    0.000000 
  C      0.033088   -1.414700    0.000000 
  H     -2.158755   -1.290181    0.000000 
  H     -2.104744    1.213850    0.000000 
  B      1.297220    0.660619    0.000000 
  N      0.000000    1.296475    0.000000 
  H     -0.067469    2.306153    0.000000 
  H      2.267769    1.351969    0.000000 
  H      2.172753   -1.483390    0.000000 
 
1,2-azaborine (5C) 
0 2 
  C     -1.227932   -0.646286    0.000000 
  C     -1.224423    0.711909    0.000000 
  C      1.164515   -0.866360    0.000000 
  C     -0.085652   -1.473460    0.000000 
  H     -2.123525    1.319690    0.000000 
  B      1.259420    0.652857    0.000000 
  N      0.000000    1.352772    0.000000 
  H     -0.032770    2.365296    0.000000 
  H      2.259865    1.299859    0.000000 
  H      2.037686   -1.516619    0.000000 
  H     -0.197409   -2.556740    0.000000 
 
1,2-azaborine (6C) 
0 2 
  C     -1.216374   -0.762996    0.000000 
  C      0.000000   -1.372703    0.000000 
  C     -0.040542    1.409833    0.000000 
  C     -1.213211    0.676592    0.000000 
  B      1.295296    0.693321    0.000000 
  N      1.197396   -0.761173    0.000000 
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  H      2.022512   -1.350751    0.000000 
  H      2.385616    1.172248    0.000000 
  H     -0.121464    2.494431    0.000000 
  H     -2.184628    1.171320    0.000000 
  H     -2.139524   -1.330003    0.000000 
 
Benzene (C) 
0 2 
  C      0.000000    1.231479    0.774479 
  C      0.000000    1.218280   -0.635169 
  C      0.000000    0.000000   -1.330134 
  C      0.000000   -1.218280   -0.635169 
  C      0.000000   -1.231479    0.774479 
  C      0.000000    0.000000    1.405683 
  H      0.000000    2.167287    1.326020 
  H      0.000000    2.158792   -1.180471 
  H      0.000000    0.000000   -2.416110 
  H      0.000000   -2.158792   -1.180471 
  H      0.000000   -2.167287    1.326020 
 
2.5.2.4 Preparation of Substrates for Table 2.4 
Compound 2.78. 2.78 was synthesized as a clear, colorless oil 
following a published protocol.5 Spectra of the isolated compound 
matched published values. 
Compound 2.4. 2.4 was synthesized as a clear, colorless oil from 2.78 
following a published procedure.5 Spectra of the isolated compound 
matched published values. 
Compound 2.72. 2.72 (2.5 g, 92%) was synthesized as a clear, colorless 
oil from 2.2 (3.0 g, 13 mmol) and methyllithium (8.2 mL, 1.6M solution in 
ether, 13 mmol) following published protocols.3b Inside a nitrogen atmosphere dry box a 
round bottom flask was charged with 2.2, a magnetic stir bar, and 50 mL ether. The flask 
was transferred to a fume hood, placed under nitrogen, and was cooled to –78 °C. MeLi 
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was added dropwise to the stirred reaction over the course of 30 minutes. The reaction 
was allowed to stir at –78 °C for one hour then allowed to warm to room temperature. 
The reaction was concentrated under reduced pressure and the crude material was 
purified by silica gel chromatography using 20:1 pentane:ether as eluent. 1H NMR (500 
MHz, CD2Cl2): δ 7.49 (dd, 
3JHH = 11.0, 6.0 Hz, 1H), 7.35 (d, 
3JHH = 7.0 Hz, 1H), 6.70 (d, 
3JHH = 11.0 Hz, 1H), 6.28 (t, 
3JHH = 6.0 Hz, 1H), 1.02 (s, 9H), 0.87 (s, 3H), 0.55 (s, 6H) ; 
13C NMR (125 MHz, CD2Cl2): δ 142.9, 138.9, 133.0 (br), 111.3, 27.1, 19.9, 6.9 (br); 
11B 
NMR (160 MHz, CD2Cl2): δ 40.7; FTIR (ATR): ῦ = 2955, 2930, 2886, 2858, 1609, 1508, 
1471, 1390, 1361, 1308, 1261, 1200, 1142, 1073, 1017, 883, 838, 782, 735, 685, 629, 
573, 508, 412; HRMS (ESI) calcd for C11H22BNSi [M + H]
+ 208.16928, 208.16997 
found. 
Compound 2.74. 2.74 was synthesized as a clear, colorless oil from 2.2 
following a published protocol.2a Spectra of the isolated compound matched 
published values. 
Compound 2.76. 2.76 was synthesized as a clear, colorless oil from 2.78 
following a published protocol.5 Spectra of the isolated compound 
matched published values. 
Compound 2.80. 2.80 (1.7 g, 58%) was synthesized as a clear, colorless 
oil from 2.2 (1.0 g, 4.4 mmol), isopropanol (0.58 g, 8.8 mmol), and 
acetamide (0.30 g, 4.8 mmol) following the protocol as described in Chapter 1, section 
1.3.2 of this dissertation. Inside a nitrogen atmosphere dry box, a round bottom flask was 
charged with 2.2, acetamide, a magnetic stir bar, and 60 mL dry acetonitrile. The flask 
was sealed with a septum and transferred to a fume hood. The flask was fitted with a 
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reflux condenser connected to a nitrogen line and the reaction was heated to reflux and 
allowed to stir for 3 hours. After allowing the reaction to cool to room temperature the 
reaction was concentrated under reduced pressure to yield an orange powder as the crude 
N-H, B-acetamide material. The reaction mixture was subjected to high vacuum for 
several hours while being heated gently at 40 °C to quantitatively remove TBS-Cl as a 
byproduct. After observing the complete disappearance of TBS-Cl by 1H NMR, the 
reaction was taken back into a dry box and 30 mL dry THF was added. Isopropanol 
dissolved in 5 mL THF was added to this solution and the reaction was allowed to stir at 
room temperature for 12 hours. The reaction was then concentrated under reduced 
pressure and the crude material was purified by silica gel chromatography using 1:10 
ether:pentane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.55 (dd, 
3JHH = 11.0, 8.5 Hz, 
1H), 7.22 (br s, 1H), 7.06 (t, 3JHH = 8.5 Hz, 1H), 6.28 (d, 
3JHH = 11.0 Hz, 1H), 5.90 (t, 
3JHH = 8.5 Hz, 1H), 4.48 (sept, 
3JHH = 6.0 Hz, 1H), 1.28 (d, 
3JHH = 6.0 Hz, 6H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 146.5, 134.6, 119.0 (br), 106.1, 67.0, 24.9; 
11B NMR (96 MHz, 
CD2Cl2): δ 28.4; FTIR (thin film): ῦ = 3392, 3318, 3013, 2970, 2928, 1615, 1534, 1461, 
1432, 1379, 1265, 1235, 1208, 1169, 1121, 1085, 990, 963, 926, 814, 731, 684, 552, 459; 
HRMS (DART) calcd for C7H13NBO [M+1]
+ 138.10902, 138.10968 found. 
Compound 2.67. 2.67 was synthesized as a white powder from 2.2 
following a published protocol.5 Spectra of the isolated compound 
matched published values.137 
Compound 2.82. 2.82 (2.31 g, 78%) was synthesized as a yellow 
solid from 2.2 (2.00 g, 8.79 mmol) and 4-bromobenzotrifluoride 
                                                          
137 Pan, J.; Kampf, J. W.; Ashe, A. J., III Organometallics,  2004, 23, 5626-5629. 
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(2.04 g, 9.05 mmol). 4-bromobenzotrifluoride was dissolved in 20 mL ether and the 
reaction was chilled to –78 °C. n-Butyllithium (3.38 mL, 8.90 mmol, 2.65 M solution in 
hexane) was added dropwise. The solution was allowed to stir at –78 °C for 20 minutes 
and then allowed to warm to room temperature over 1 hour. N-TBS, B-Cl azaborine was 
dissolved in 15 mL ether and chilled to –78 °C. The orange solution of lithiate was added 
dropwise. The reaction was allowed to stir at –78 °C for 20 minutes and then allowed to 
warm to room temperature over 1 hour. The solvent was removed under a stream of 
nitrogen and the resulting yellow solids were taken into a nitrogen atmosphere dry box. 
Pentane was added and the crude reaction mixture was purified by silica gel 
chromatography using 98:2 pentane:ether as eluent. 
1H NMR (500 MHz, CD2Cl2): δ 7.65 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.57 (d, 
3JHH = 8.5 
Hz, 2H), 7.53 (d, 3JHH = 8.5 Hz, 2H), 7.48 (d, 
3JHH = 7.0 Hz, 1H), 6.63 (d, 
3JHH = 11.0 Hz, 
1H), 6.51 (t, 3JHH = 7.0 Hz, 1H), 0.94 (s, 9H), 0.06 (s, 6H); 
13C NMR (125.8 MHz, 
CD2Cl2): δ 151.0 (br), 143.9, 139.0, 132.9, 131.2 (br), 129.0 (q, 
2JCF= 31.5 Hz), 123.8, 
123.0 (q, 1JCF= 271 Hz), 112.9, 27.2, 19.4, -1.7; 
11B NMR (96 MHz, CD2Cl2): δ 38.2; 
FTIR (thin film): ῦ = 3019, 2953, 2932, 2856, 2835, 1601, 1565, 1499, 1455, 1438, 1408, 
1386, 1362, 1269, 1229, 1179, 1151, 1094, 1032, 1018, 996, 955, 939, 841, 822, 812, 
785, 749, 713, 679, 631, 619, 565, 539, 511, 468; HRMS (DART) calcd for 
C17H24NBF3Si [M+1]
+ 338.17232, 338.17390 found. 
Compound 2.83. 2.83 (1.4 g, 84%) was synthesized as a white 
solid from 2.82 (2.4 g, 7.2 mmol) and tetra-n-butylammonium 
fluoride (TBAF) (7.2 mL, 7.2 mmol, 1 M in THF). Inside a nitrogen 
atmosphere dry box, TBAF was added to a solution of 2.82 in 10 mL THF at room 
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temperature. The reaction was allowed to stir for 10 minutes. The reaction was 
transferred to a fume hood and extracted three times with ether/water. The organic phases 
were combined and dried over MgSO4. The solids were removed by filtration and the 
filtrate was concentrated under reduced pressure. Inside the dry box the crude material 
was purified by silica gel chromatography using 1:10 ether:pentane as eluent. 
1H NMR (600 MHz, CD2Cl2): δ 8.47 (br s, 1H), 7.92 (d, 
3JHH = 7.8 Hz, 2H), 7.85 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.70 (d, 
3JHH = 7.8 Hz, 2H), 7.47 (t, 
3JHH = 7.0 Hz, 1H), 7.23 (d, 
3JHH = 11.0 Hz, 1H), 6.50 (d, 
3JHH = 7.0 Hz, 1H); 
13C NMR (150 MHz, CD2Cl2): δ 145.8, 
143.9 (br), 134.8, 133.1, 131.0 (q, 2JCF = 33 Hz), 129.1 (br), 125.2 (q, 
3JCF = 3.5 Hz), 
125.1 (q, 1JCF = 270 Hz, 112.2; 
11B NMR (192 MHz, CD2Cl2): δ 33.0; FTIR (thin film): ῦ 
= 3364, 3026, 1610, 1533, 1462, 1423, 1395, 1355, 1325, 1233, 1191, 1165, 1155, 1112, 
1069, 1016, 976, 954, 925, 842, 829, 776, 752, 719, 702, 688, 674, 618, 595, 565, 510, 
470; HRMS (DART) calcd for C11H10BNF3 [M + 1]
+ 224.08584, 224.08683 found. 
Compound 2.85. 2.85 (3.8 g, 90.%) was synthesized as a white solid from 
2.2 (3.0 g, 13 mmol) and solid mesityl lithium (ca. 4.0 g, 32 mmol). Inside a 
nitrogen atmosphere dry box, a round bottom flask was charged with 2.2, a magnetic stir 
bar, and 25 mL toluene. The solution was cooled to –20 °C.  Solid mesityl lithium was 
added to the cold solution in ca. 0.5 g portions until the reaction was determined 
complete by 11B NMR.  The mixture was removed from the dry box and poured into a 
separatory funnel containing 20 mL water, and an extraction was performed using 3x20 
mL pentane. The combined organic layers were washed with brine and dried over 
MgSO4. The filtrate was concentrated under reduced pressure and the crude product was 
purified by silica gel chromatography inside a dry box using 97:3 pentane:ether as eluent. 
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1H NMR (500 MHz, CD2Cl2): δ 7.59 (dd, 
3JHH = 11.0, 6.5 Hz, 1H), 7.50 (d, 
3JHH = 6.5 
Hz, 1H), 6.80 (s, 2H), 6.59 (d, 3JHH = 11 Hz, 1H), 6.42 (t, 
3JHH = 6.5 Hz, 1H), 2.30 (s, 
3H), 2.10 (s, 6H), 0.95 (s, 9 H), 0.04 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 142.6, 
138.6, 138.4, 136.2, 131.9 (br), 126.8, 111.4, 27.2, 23.2, 20.9, 19.1, -3.5; 11B NMR (96 
MHz, CD2Cl2): δ 39.5; FTIR (thin film): ῦ = 3050-2750, 1650, 1500, 1395, 1280, 1100, 
860, 852, 839, 800; HRMS (EI) calcd for C19H30NBSi [M]
+ 311.22406, 311.22305 found. 
Compound 2.86. 2.86 (2.2 g, 74%) was synthesized as a white solid from 
2.85 (3.8 g, 12 mmol) and TBAF (15 mL, 1.0 M/THF, 15 mmol). Under 
ambient conditions, a round bottom flask was charged with 2.85, a magnetic stir bar, and 
25 mL THF.  TBAF solution was added to the stirred solution at room temperature. The 
solution was allowed to stir 30 min at room temperature and judged to be complete by 
TLC. The solution was poured into a separatory funnel containing 50 mL water and 
extracted with 3x20 mL hexanes. The combined organic layers were washed with brine, 
dried over MgSO4, and concentrated under reduced pressure to yield a yellow paste. The 
crude product was purified by silica gel chromatography using 95:5 hexanes:ether as 
eluent. 1H NMR (600 MHz, CD2Cl2): δ 7.86 (br s, 1H), 7.85 (ddd, 
3JHH = 11.0, 6.6, 1.2 
Hz, 1H), 7.44 (t, 3JHH = 7.2 Hz, 1H), 7.00 (s, 2H), 6.97 (d, 
3JHH = 11.4 Hz, 1H), 6.49 (tt, 
3JHH = 6.6, 1.2 Hz), 2.43 (s, 3H), 2.28 (s, 6H); 
13C NMR (600 MHz, CD2Cl2): δ 143.8, 
140.03, 139.2 (br), 137.0, 134.1, 131.0 (br), 127.1, 110.3, 22.9, 21.0; 11B NMR (96 MHz, 
CD2Cl2): δ 35.4; FTIR (thin film): ῦ = 3380, 3100-2900, 1620, 1534, 1472, 769, 763; 
HRMS (EI) calcd for C13H16NB [M]
+ 197.13758, 197.13743 found. 
Compound 2.89. 2.89 (1.1 g, 11 mmol) was synthesized as a clear, 
colorless oil from 2.78 (2.0 g, 13 mmol) and ethynylmagnesium bromide 
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(64 mL, 0.5 M/THF, 32 mmol). Inside a dry box a round bottom flask was charged with 
2.78, a magnetic stir bar, and 20 mL Et2O. The flask was sealed and transferred to a fume 
hood where it was placed under nitrogen and cooled on an ice/water bath for 30 minutes. 
Ethynylmagnesium bromide solution was added dropwise over the course of 20 minutes 
to the stirred reaction and following the addition the reaction was stirred at room 
temperature for 45 minutes. An aliquot was taken at this point and the initial reaction was 
confirmed to be complete by 11B NMR. The reaction was cooled again on an ice/water 
bath for 30 minutes. At this point a 2.0 M solution of HCl in Et2O (16 mL, 31.8 mmol) 
was added dropwise to the stirred reaction. The reaction was warmed to room 
temperature and the solvent was removed via rotary evaporation to yield a yellow paste. 
Et2O was added and the solid salts were separated from the desired material by filtration. 
The filtrate was concentrated via rotary evaporation to yield an orange oil. The oil was 
dissolved in 5 mL pentane, which was degassed under a stream of nitrogen and taken 
back into a dry box. The crude material was purified by silica gel chromatography using 
97:3 pentane:ether as eluent. 
1H NMR (500 MHz, CD2Cl2): δ 8.47 (s, 1H), 7.73 (s, 1H), 7.33 (t, 
3JHH = 7.5 Hz, 1H), 
6.91 (d, 3JHH = 11.0 Hz, 1H), 6.43 (m, 1H), 2.91 (s, 1H); 
13C NMR (150 MHz, CD2Cl2): δ 
145.3, 134.7, 131.8 (br), 112.1, 92.9, 90.1 (br); 11B NMR (160 MHz, CD2Cl2): δ 25.3; 
FTIR (thin film): ῦ = 3377, 3280, 2961, 1607, 1536, 1459, 1419, 1394, 1350, 1258, 1232, 
1197, 1123, 1077, 1010, 863, 791, 731, 682, 661, 571, 489, 446; HRMS (DART) calcd 
for C6H7BN [M + 1]
+ 104.06715, 104.06738 found. 
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2.5.2.5 Borylation Reactions in Table 2.4 
Compound 2.66. 2.66 (0.15 g, 71% yield) was synthesized as a white solid 
from 2.4 (0.079 g, 1.0 mmol) following General Procedure A for iridium 
catalyzed azaborine borylation. The reaction was run for 16 hours. Following 
solvent removal the crude material was purified by silica gel chromatography using 9:1 
pentane:ether as eluent. A duplicate reaction gave 70% yield. 1H NMR (500 MHz, 
CD2Cl2): δ 8.84 (br s, 1H), 7.70 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.11 (d, 
3JHH = 11.0 Hz, 
1H), 6.98 (d, 3JHH = 7.5 Hz, 1H), 4.94 (q, 
3JBH = 75.8 Hz, 1H), 1.35 (s, 12H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 142.5, 136.0 (br), 135.3 (br), 120.6, 85.8, 24.63; 
11B NMR (96 
MHz, CD2Cl2): δ 31.6, 30.2, 29.2; FTIR (thin film): ῦ = 3450, 3100-2900, 2543, 2495, 
1392, 1387, 1331, 1187, 1074, 985, 920, 890, 860, 740, 700, 620; HRMS (EI) calcd for 
C16H21NB2O2 [M]
+ 204.14818, 204.14749 found. 
Compound 2.73. 2.73  (1.4 g, 56% yield over 2 steps) was synthesized via a 
two-step protocol starting from 2.72 (2.3 grams, 12 mmol) and TBAF (12 
mL, 1.0 M/THF, 12 mmol) according to a published protocol.2b Inside a 
nitrogen atmosphere dry box, a round bottom flask was charged with 2.72, a magnetic stir 
bar, and 50 mL THF. TBAF solution was added to the stirred reaction mixture dropwise 
at room temperature inside the dry box. The reaction was judged to be complete after 5 
minutes by TLC. The reaction was removed from the dry box and the majority of the 
THF was removed via rotary evaporation. The remaining oily liquid in the flask was 
transferred to a separatory funnel and diluted with 20 mL pentane and 20 mL water. The 
organic layer was separated and the aqueous layer was extracted twice more with 10 mL 
pentane each time. The combined organic layers were washed with brine and dried over 
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MgSO4. Nitrogen was bubbled for 30 minutes through the resulting pentane solution of 
N-H, B-Me azaborine to degas the solution and remove some of the solvent. The 
degassed solution was taken back into the dry box in preparation for borylation. General 
Procedure A for iridium catalyzed azaborine borylation was followed from this point 
forward with regards to stoichiometry. The catalyst mixture was prepared as described 
and added to the pentane solution of N-H, B-Me azaborine. The borylation reaction was 
run for 16 hours. Following solvent removal the crude material was purified by silica gel 
chromatography using 19:1 pentane:ether as eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.30 
(br s, 1H), 7.59 (dd, 3JHH = 11.0, 6.5 Hz, 1H), 6.94 (d, 
3JHH = 11.0 Hz, 1H), 6.84 (d, 
3JHH 
= 6.5 Hz, 1H), 1.38 (s, 12H), 0.70 (s, 3H); 13C NMR (125 MHz, CD2Cl2): δ 142.5, 137.4 
(br), 135.7 (br), 119.7, 85.3, 25.3, 2.3 (br); 11B NMR (160 MHz, CD2Cl2): δ 36.2, 28.8; 
FTIR (ATR): ῦ = 3356, 2978, 2920, 1549, 1451, 1367, 1313, 1271, 1133, 962, 897, 859, 
741, 667, 620, 577, 488; HRMS (ESI) calcd for C11H19B2NO2 [M + H]
+ 220.16801, 
220.16841 found. 
Compound 2.75. 2.75 (1.0 g, 94%) was synthesized as a white solid from 
2.74 (0.50 g, 4.7 mmol) following General Procedure A for iridium catalyzed 
azaborine borylation. The reaction was run for 4 hours. Following solvent removal the 
crude material was purified by silica gel chromatography using 1:5 ether:pentane as 
eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.27 (br s, 1H), 7.62 (dd, 
3JHH = 11.0, 7.0 Hz, 
1H), 6.97 (d, 3JHH = 11.0 Hz, 1H), 6.83 (d, 
3JHH = 7.0 Hz, 1H), 1.39 (s, 12H), 1.21 (t, 
3JHH 
= 8.0 Hz, 2H), 1.16 (d, 3JHH = 8.0 Hz, 3H); 
13C NMR (125.8 MHz, CD2Cl2): δ 141.9, 
134.0 (br), 119.0, 84.6, 24.6, 9.7 (C3 and C-ethyl signals not observed); 11B NMR (96 
MHz, CD2Cl2): δ 37.4, 29.2; FTIR (thin film): ῦ = 3400, 3050-2850, 1550, 1450, 1400, 
197
1385, 1180, 1120, 1050, 980, 875, 790, 730; HRMS (EI) calcd for C16H21NB2O2 [M]
+ 
233.17584, 233.17616 found. 
Compound 2.77. 2.77 (0.23 g, 87% yield) was synthesized as a clear, 
colorless oil from 2.76 (0.14 g, 1.0 mmol) following General Procedure A 
for iridium catalyzed azaborine borylation. The reaction was run for 12 hours. Following 
solvent removal the crude material was purified by silica gel chromatography using 10:1 
pentane:ether as eluent. A duplicate reaction gave 84% yield. 1H NMR (500 MHz, 
CD2Cl2): δ 8.23 (br s, 1H), 7.58 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 6.93 (d, 
3JHH = 11.0 Hz, 
1H), 6.80 (d, 3JHH = 7.0 Hz, 1H), 1.55 (m, 
3JHH = 7.5 Hz, 2H), 1.39 (m, 
3JHH = 7.5 Hz, 
2H), 1.36 (s, 12H), 1.19 (m, 3JHH = 7.5 Hz, 2H), 0.96 (t, 
3JHH = 7.5 Hz, 3H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 141.8, 134.3 (br), 119.0, 84.6, 28.6, 25.7, 24.6, 18.2 (br), 13.9; 
11B NMR (96 MHz, CD2Cl2): δ 37.1, 29.1; FTIR (thin film): ῦ = 3400, 3100-2900, 1565, 
1450, 1380, 1320, 1190, 1075, 980, 890, 800, 750, 700; HRMS (EI) calcd for 
C16H21NB2O2 [M]
+ 261.20714, 261.20733 found. 
Compound 2.79. 2.79 (0.19 g, 70% yield) was synthesized as a clear, 
colorless oil from 2.78 (0.15 g, 1.0 mmol) following General Procedure 
A for iridium catalyzed azaborine borylation. The reaction was run for 12 hours. 
Following solvent removal the crude material was purified by silica gel chromatography 
using 10:1 pentane:ether as eluent. A duplicate reaction gave 62% yield. 1H NMR (500 
MHz, CD2Cl2): δ 7.53 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.33 (br s, 1H), 6.47 (m, 2H), 3.94 
(m, 3JHH = 7.0 Hz, 2H), 1.63 (m, 
3JHH = 7.0 Hz, 2H), 1.43 (m, 
3JHH = 7.0 Hz, 2H), 1.32 (s, 
12H), 0.96 (t, 3JHH = 7.0 Hz, 3H); 
13C NMR (125.8 MHz, CD2Cl2): δ 144.7, 123.2 (br), 
115.2, 84.5, 64.2, 33. 8, 24.7, 24.6, 19.1, 13.7; 11B NMR (96 MHz, CD2Cl2): δ 28.40; 
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FTIR (thin film): ῦ = 3450, 3100-2900, 1550, 1487, 1385, 1343, 1302, 1146, 1102, 987, 
880, 795, 760, 700; HRMS (EI) calcd for C14H25NB2O3 [M]
+ 277.20206, 277.20213 
found. 
Compound 2.81. 2.81 (0.41 g, 71%) was synthesized as a clear colorless 
oil from 2.80 (0.30 g, 2.2 mmol) following General Procedure A for 
iridium catalyzed azaborine borylation. The reaction was run for 6 hours. Following 
solvent removal the crude material was purified by silica gel chromatography using 1:5 
ether:pentane as eluent. 1H NMR (600 MHz, CD2Cl2): δ 7.53 (dd, 
3JHH = 11.0, 8.0 Hz, 
1H), 7.34 (br s, 1H), 6.46 (m, 2H), 4.46 (sept, 3JHH = 7.0 Hz, 1H), 1.32 (s, 12H), 1.25 (d, 
3JHH = 7.0 Hz, 6H); 
13C NMR (150 MHz, CD2Cl2): δ 145.4, 138.1 (br), 123.9 (br), 115.8, 
85.2, 66.7, 25.3, 25.0; 11B NMR (192 MHz, CD2Cl2): δ 28.1; FTIR (thin film): ῦ = ; 
HRMS (DART) calcd for C17H21B2NO2 [M + 1]
+ ,  found. 
Compound 2.84. 2.84  (0.31 g, 89%) was synthesized as a yellow 
solid from 2.83 (0.45 g, 2.0 mmol) following General Procedure A 
for iridium catalyzed azaborine borylation. The reaction was run for 3 
hours. Following solvent removal the crude material was purified by 
silica gel chromatography using 1:15 ether:pentane as eluent. 1H NMR (600 MHz, 
CD2Cl2): δ 8.45 (br s, 1H), 7.97 (d, 
3JHH = 8.5 Hz, 2H), 7.83 (dd, 
3JHH = 11.0, 7.0 Hz, 
1H), 7.15 (d, 3JHH = 8.5 Hz, 2H), 7.40 (d, 
3JHH = 11.0 Hz, 1H), 7.02 (d, 
3JHH = 7.0 Hz, 
1H), 1.40 (s, 12H); 13C NMR (150 MHz, CD2Cl2): δ 144.5, 144.1 (br), 138.1 (br), 133.2, 
131.0 (q, 2JCF = 32 Hz), 125.2 (q, 
3JCF = 3 Hz), 125.1 (q, 
1JCF = 270 Hz), 121.3, 85.7, 25.3 
(C-6 signal not observed); 11B NMR (192 MHz, CD2Cl2): δ 32.8, 28.9; FTIR (thin film): 
ῦ = 3364, 3027, 2982, 2929, 1549, 1452, 1413, 1396, 1378, 1343, 1321, 1262, 1248, 
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1214, 1157, 1137, 1119, 1103, 1065, 1044, 1019, 1008, 961, 928, 898, 853, 838, 796, 
775, 734, 724, 713, 666, 655, 634, 593, 577, 541, 520, 489, 422; HRMS (DART) calcd 
for C17H21B2NO2F3 [M + 1]
+ 350.17105, 350.17202 found. 
Compound 2.87. 2.87 (0.31 g, 95% yield) was synthesized as a white solid 
from 2.86 (0.20 g, 1.0 mmol) following General Procedure A for iridium 
catalyzed azaborine borylation. The reaction was run for 4 hours. Following solvent 
removal the crude material was purified by silica gel chromatography using 1:20 
ether:pentane as eluent. A duplicate reaction gave 93% yield. 1H NMR (500 MHz, 
CD2Cl2): δ 8.49 (br s, 1H), 7.77 (dd, 
3JHH = 11.0, 6.0 Hz, 1H), 7.05 (d, 
3JHH = 11.0 Hz, 
1H), 6.97 (d, 3JHH = 6.0 Hz, 1H), 6.89 (s, 2H), 2.33 (s, 3H), 2.19 (s, 6 H), 1.38 (s, 12 H); 
13C NMR (125.8 MHz, CD2Cl2): δ 142.4, 139.8, 136.8, 136.8 (br), 126.9, 119.4, 84.7, 
24.6, 22.8, 20.8; 11B NMR (96 MHz, CD2Cl2): δ 35.5, 29.1; FTIR (thin film): ῦ = 3650-
3400, 3100-2900, 1690, 1460, 1310, 1100, 1020, 900; HRMS (EI) calcd for 
C19H27NB2O2 [M]
+ 323.22279, 323.22419 found.  
2.5.2.6 Preparation of Substrates for Table 2.4 
Compound 2.91. 2.91 (1.37 g, 87%) was synthesized as a white 
solid from 2.2 (1.20 g, 5.27 mmol) and 4-bromoanisole (1.48 g, 
7.90 mmol). Inside a nitrogen atmosphere dry box, 4-bromoanisole 
was dissolved in 50 mL THF and added to 0.96g Mg turnings. The mixture was allowed 
to stir for 2 hours at room temperature. During this time the reaction heated 
spontaneously and a mild reflux was observed along with a darkening of the solution to a 
light brown color. This solution of Grignard reagent was added at room temperature to 
2.2 in 20 mL THF over 10 minutes. Completion of the reaction was confirmed by 11B 
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NMR and the solvent was removed under a stream of nitrogen. Pentane was added to 
dissolve the substrate and precipitate magnesium salts, and the mixture was transferred to 
a silica gel column. Chromatography using 95:5 pentane:ether as eluent was carried out 
directly on this suspension. 1H NMR (500 MHz, CD2Cl2): δ 7.62 (dd, 
3JHH = 11.0, 7.0 Hz, 
1H), 7.47 (d, 3JHH = 7.0 Hz, 1H), 7.34 (d, 
3JHH = 10.5 Hz, 2H), 6.91 (d, 
3JHH = 10.5 Hz, 
2H), 6.68 (d, 3JHH = 11.0 Hz, 1H), 6.45 (t, 
3JHH = 11.0 Hz, 1H), 3.84 (s, 3H), 0.94 (s, 9H), 
0.12 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 159.4, 143.3, 139.0, 137.7 (br), 134.0, 
133.1 (br), 113.0, 112.3, 55.5, 27.4, 19.5, -1.5; 11B NMR (160 MHz, CD2Cl2): δ 39.0; 
FTIR (thin film): ῦ = 3018, 2952, 2932, 2856, 2835, 1601, 1565, 1499, 1452, 1448, 1386, 
1364, 1269, 1229, 1179, 1157, 1094, 1032, 1018, 996, 955, 939, 841, 822, 812, 746, 711, 
689, 635, 622, 617, 539, 514; HRMS (DART) calcd for C17H27NOBSi [M+1]
+ 
300.19550, 300.19512 found. 
Compound 2.94. 2.94 (0.87 g, 78%) was synthesized as a white 
solid from 2.2 (0.70 g, 3.1 mmol) and bromopentafluorobenzene 
(0.80 g, 3.2 mmol). Bromopentafluorobenzene was added to 10 mL 
ether and the reaction was chilled to –78 °C. N-butyllithium (1.2 mL, 3.1 mmol, 2.5 M in 
hexane) was added dropwise to the chilled solution over 2 minutes and the reaction was 
allowed to stir for 30 minutes. After this time period, 2.2 was dissolved in 5 mL ether and 
added dropwise to the chilled solution. The reaction was allowed to warm to room 
temperature over 1 hour. The reaction was confirmed to be complete by 11B NMR at this 
point. The reaction was concentrated under reduced pressure and the crude material was 
purified by silica gel chromatography using pentane as eluent. 1H NMR (500 MHz, 
CD2Cl2): δ 7.73 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.57 (d, 
3JHH = 7.0 Hz, 1H), 6.72 (d, 
3JHH = 
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11.0 Hz, 1H), 6.62 (t, 3JHH = 7.0 Hz, 1H), 0.89 (s, 9H), 0.24 (s, 6H); 
13C NMR (125.8 
MHz, CD2Cl2): δ 146.5 (m), 145.1, 141.2 (m), 137.8 (m), 140.0, 131.9 (br), 114.1, 26.7, 
19.2, -2.8 (one B-C signal not observed); 11B NMR (160 MHz, CD2Cl2): δ 33.8; FTIR 
(thin film): ῦ = 2952, 2934, 2860, 1647, 1604, 1508, 1469, 1454, 1392, 1361, 1295, 1260, 
1210, 1144, 1093, 1053, 1035, 1018, 985, 967, 939, 840, 808, 785, 750, 700, 685, 676, 
660, 635, 609, 577, 489; HRMS (DART) calcd for C16H20NBSiF5 [M+1]
+ 360.13782, 
360.13719 found. 
Compound 2.97. 2.97 (7.4 g, 87%) was synthesized as a clear oil from 2.2 
following a published protocol.3b Spectra of the isolated compound matched 
published values. 
Compound 2.99. 2.99 (0.73 g, 91%) was synthesized as a clear oil 
from 2.2 (0.76 g, 3.3 mmol) and isopropanol (0.3 mL, 3.7 mmol). 
Inside a nitrogen atmosphere dry box, isopropanol was dissolved in 0.1 mL ether and this 
solution was added dropwise to a room temperature solution of 2.2 and 0.5 mL 
triethylamine in 5 mL ether. The reaction was allowed to stir for 30 minutes and then the 
mixture was filtered through a PTFE Acrodisc to remove salts. The solution was 
concentrated under reduced pressure and the crude material was purified by silica gel 
chromatography using pentane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.44 (dd, 
3JHH = 
11.0, 7.5 Hz, 1H), 7.12 (d, 3JHH = 7.5 Hz, 1H), 6.21 (d, 
3JHH = 11.0 Hz, 1H), 5.90 (t, 
3JHH 
= 7.5 Hz, 1H), 4.51 (sep, 3JHH = 7.0 Hz, 1H), 1.26 (d, 
3JHH = 7.0 Hz, 6H), 0.97 (s, 9H), 
0.42 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 146.4, 138.9, 118.0 (br), 107.3, 67.0, 
27.2, 24.9, 19.4, -2.4; 11B NMR (96 MHz, CD2Cl2): δ 30.3; FTIR (thin film): ῦ = 2969, 
2928, 2857, 1609, 1509, 1454, 1401, 1380, 1367, 1308, 1288, 1262, 1249, 1206, 1158, 
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1131, 1106, 1010, 992, 957, 937, 839, 822, 809, 781, 748, 732, 709, 695, 640, 569, 476; 
HRMS (DART) calcd for C13H27NBOSi [M+1]
+ 252.19550, 252.19439 found. 
Compound 2.101. 2.101 (0.29 g, 77%) was synthesized as a clear oil from 
2.86 (0.25 g, 1.3 mmol). Inside a nitrogen atmosphere dry box, 2.86 was 
dissolved in 5 mL toluene. Potassium bis(trimethylsilyl)amide (0.5 M in toluene, 2.8 mL, 
1.4 mmol) was added at room temperature and the reaction was allowed to stir for 30 
minutes. Following this, a solution of di-tert-butyl dicarbonate (0.31 g, 1.4 mmol, 1M in 
toluene) was added at room temperature and the reaction was allowed to stir until judged 
complete by TLC analysis. The reaction was diluted with pentane and poured into a 
separatory funnel containing 20 mL water. The organic phase was separated and the 
aqueous phase was extracted twice more with pentane. The organic phases were 
combined and dried over magnesium sulfate, and then the suspension was passed through 
a medium porosity fritted funnel. The solution was concentrated under reduced pressure 
and the crude product was purified by silica gel chromatography using 95:5 hexanes:ether 
as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.87 (d, 
3JHH = 7.0 Hz, 1H), 7.63 (dd, 
3JHH = 
11.0, 7.0 Hz, 1H), 6.78 (s, 2H), 6.70 (d, 3JHH = 11.0 Hz, 1H), 6.42 (t, 
3JHH = 7.0 Hz, 1H), 
2.27 (s, 3H), 2.03 (s, 6H), 1.12 (s, 9 H); 13C NMR (500 MHz, CD2Cl2): δ 156.9, 145.4, 
141.4 (br), 138.4, 136.7, 133.6, 132.9 (br), 127.3, 112.0, 84.1, 27.4, 23.0, 21.5; 11B NMR 
(160 MHz, CD2Cl2): δ 39.1; FTIR (thin film): ῦ =  2978, 2914, 2857, 1736, 1619, 1513, 
1475, 1439, 1390, 1368, 1277, 1256, 1224, 1146, 1031, 1005, 972, 847, 794, 742, 709, 
689, 614, 567, 547, 506, 463, 421; HRMS (DART) calcd for C18H25NBO2 [M+1]
+ 
297.19001, 297.18994 found. 
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Compound 2.103. 2.103 (0.56 g, 87%) was synthesized as a white solid 
from 2.86 (0.61 g, 3.1 mmol) and iodomethane (0.2 mL, 3.2 mmol). Inside a 
nitrogen atmosphere dry box, potassium bis(trimethylsilyl)amide (0.5 M in toluene, 6.4 
mL, 3.2 mmol) was added to a solution of 2.86 in 4 mL THF. The reaction was allowed 
to stir for 1 hour, and then a solution of iodomethane in 2 mL THF was added at room 
temperature resulting in formation of a white precipitate. The mixture was filtered 
through a PTFE Acrodisc to remove salts and the filtrate was concentrated under reduced 
pressure. The crude material was purified by silica gel chromatography. 1H NMR (500 
MHz, CD2Cl2): δ 7.65 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.36 (d, 
3JHH = 7.5 Hz, 1H), 6.91 (s, 
2H), 6.73 (d, 3JHH = 11.0 Hz, 1H), 6.42 (t, 
3JHH = 7.5 Hz, 1H), 3.56 (s, 3H), 2.35 (s, 3H), 
2.13 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 142.9, 140.1, 139.8, 137.2, 131.2 (br), 
127.6, 111.4, 41.7, 22.9, 21.5 (mesityl C-signal not observed); 11B NMR (96 MHz, 
CD2Cl2): δ 36.8; FTIR (thin film): ῦ = 2914, 1608, 1556, 1514, 1457, 1412, 1396, 1374, 
1307, 1234, 1217, 1176, 1157, 1144, 1104, 1040, 999, 980, 938, 847, 799, 739, 698, 646, 
555, 551, 509; HRMS (DART) calcd for C14H19NB [M+1]
+ 212.16105, 212.16201 found. 
2.5.2.7 Borylation Reactions in Table 2.5 
Compounds 2.90a and 2.90b: 2.90a and 2.90b (0.18 g, 87% yield as a 48:52 mixture of 
a:b regioisomers) were synthesized as a clear oil from 2.85 following General Procedure 
B for iridium catalyzed borylation. Following solvent removal the crude material was 
purified by silica gel chromatography using 1:20 ether:pentane as eluent. A duplicate 
reaction gave 84% yield of a 48:52 mixture of a:b regioisomers. 
Compounds 2.92a and 2.92b (0.19 g, 87% yield as a 40:60 mixture of a:b regioisomers) 
were synthesized as a clear oil from 2.91 following General Procedure B for iridium 
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catalyzed borylation. Following solvent removal the crude material was purified by silica 
gel chromatography using 1:20 ether:pentane as eluent. A duplicate reaction gave 85% 
yield of a 40:60 mixture of a:b regioisomers. 
Compounds 2.93a and 2.93b (0.21 g, 92% yield as a 47:53 mixture of a:b regioisomers) 
were synthesized as a clear oil from 2.82 following General Procedure B for iridium 
catalyzed borylation. Following solvent removal the crude material was purified by silica 
gel chromatography using 1:20 ether:pentane as eluent. A duplicate reaction gave 89% 
yield of a 45:55 mixture of a:b regioisomers. 
Compounds 2.95a and 2.95b (0.24 g, 98% yield as a 43:57 mixture of a:b regioisomers) 
were synthesized as a clear oil from 2.94 following General Procedure B for iridium 
catalyzed borylation. Following solvent removal the crude material was purified by silica 
gel chromatography using 1:20 ether:pentane as eluent. A duplicate reaction gave 93% 
yield of a 40:60 mixture of a:b regioisomers. 
Compounds 2.96a and 2.96b (0.16 g, 93% yield as a 25:75 mixture of a:b regioisomers) 
were synthesized as a clear oil from 2.72 following General Procedure B for iridium 
catalyzed borylation. Following solvent removal the crude material was purified by silica 
gel chromatography using 1:20 ether:pentane as eluent. A duplicate reaction gave 88% 
yield of a 26:74 mixture of a:b regioisomers. 
Compounds 2.98a and 2.98b (0.14 g, 86% yield as a 21:79 mixture of a:b regioisomers) 
were synthesized as a clear oil from 2.97 following General Procedure B for iridium 
catalyzed borylation. Following solvent removal the crude material was purified by silica 
gel chromatography using 1:20 ether:pentane as eluent. A duplicate reaction gave 84% 
yield of a 20:80 mixture of a:b regioisomers. 
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Compounds 2.100a and 2.100b (0.18 g, 97% yield as a 53:47 mixture of a:b 
regioisomers) were synthesized as a clear oil from 2.99 following General Procedure B 
for iridium catalyzed borylation. Following solvent removal the crude material was 
purified by silica gel chromatography using 1:20 ether:pentane as eluent. A duplicate 
reaction gave 87% yield of a 55:45 mixture of a:b regioisomers. 
Compounds 2.100a and 2.100b (0.18 g, 97% yield as a 53:47 mixture of a:b 
regioisomers) were synthesized as a clear oil from 2.99 following General Procedure B 
for iridium catalyzed borylation. Following solvent removal the crude material was 
purified by silica gel chromatography using 1:20 ether:pentane as eluent. A duplicate 
reaction gave 87% yield of a 55:45 mixture of a:b regioisomers. 
Compounds 2.102a and 2.102b (0.19 g, 90% yield as a 45:55 mixture of a:b 
regioisomers) were synthesized as a clear oil from 2.101 following General Procedure B 
for iridium catalyzed borylation. Following solvent removal the crude material was 
purified by silica gel chromatography using 1:20 ether:pentane as eluent. A duplicate 
reaction gave 88% yield of a 52:48 mixture of a:b regioisomers. 
Compounds 2.104a and 2.104b (0.16 g, 93% yield as a 30:70 mixture of a:b 
regioisomers) were synthesized as a clear oil from 2.103 following General Procedure B 
for iridium catalyzed borylation. Following solvent removal the crude material was 
purified by silica gel chromatography using 1:20 ether:pentane as eluent. A duplicate 
reaction gave 89% yield of a 26:74 mixture of a:b regioisomers. 
2.5.2.8 Reactions in Scheme 2.30 
Compound 2.106. 2.106 (0.66 g, 91%) was synthesized as a white solid 
from 2.2 (0.60 g, 2.6 mmol) and 2-bromothiophene (0.45 g, 2.8 mmol). 
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Inside a nitrogen atmosphere dry box, 2-bromothiophene was dissolved in 10 mL ether. 
The reaction was transported to a fume hood and chilled under nitrogen to –78 °C. n-
Butyllithium (1.3 mL, 2.7 mmol, 2.2 M in hexane) was added dropwise to the chilled 
solution and the reaction was allowed to warm to room temperature on stirring. 2.2 was 
dissolved in 10 mL ether and chilled to –78 °C, and the solution of lithiate was added to 
this solution over 5 minutes. The reaction was allowed to stir while warming to room 
temperature over 2 hours. The reaction was concentrated under reduced pressure and 
transported into the dry box, and the crude material was purified by silica gel 
chromatography using 1:10 ether:pentane as eluent. The spectra of this compound were 
used to identify the production in trace amounts of 2.106 in the experiment described in 
Scheme 2.30, eq. 1. 1H NMR (500 MHz, CD2Cl2): δ 7.62 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 
7.51 (m, 2H), 7.14 (m, 2H), 6.77 (d, 3JHH = 11.0 Hz, 1H), 6.51 (m, 1H), 0.99 (s, 9H), 0.20 
(s, 6H); 13C NMR (150 MHz, CD2Cl2): δ 144.7 (br), 143.4, 139.6, 133.7 (br), 131.6, 
127.8, 127.5, 113.0, 27.3,19.2, -2.0; 11B NMR (192 MHz, CD2Cl2): δ 36.5; FTIR (thin 
film): ῦ = 2956, 2929, 2857, 1603, 1505, 1471, 1455, 1386, 1262, 1228, 1151, 1092, 
1019, 986, 907, 840, 820, 809, 785, 740, 694, 671, 624, 601; HRMS (DART) calcd for 
C14H23BNSSi [M + 1]
+ 276.14135, 276.14217 found. 
Compound 2.108. 2.108 (0.083 g, 71%) was synthesized as a white solid 
from 2.107 (0.079 g, 0.47 mmol) and thiophene (1.2 g, 14 mmol). Inside 
a nitrogen atmosphere dry box, 2.107, [Ir(OMe)(cod)]2 (0.008 g, 0.01 
mmol), ethylenebis(diphenylphosphine) (dppe) (0.009 g, 0.02 mmol), and 
thiophene were added to a 15 mL pressure vessel charged with a magnetic stir bar. The 
reaction was sealed and heated at 80 °C for 24 hours. The reaction was concentrated 
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under reduced pressure. The crude material was purified by silica gel chromatography 
using 1:10 ether:pentane as eluent. 1H NMR (600 MHz, CD2Cl2): δ 8.45 (br s, 1H), 7.85 
(dd, 3JHH = 11.0, 7.5 Hz, 1H), 7.68 (d, 
3JHH = 3.0 Hz, 1H), 7.66 (d, 
3JHH = 3.0 Hz, 1H), 
7.59 (d, 3JHH = 7.0 Hz, 2H), 7.35 (d, 
3JHH = 7.0 Hz, 2H), 7.31 (m, 1H), 7.11 (d, 
3JHH = 
11.0 Hz, 1H), 6.68 (d, 3JHH = 7.5 Hz, 1H), 2.46 (s, 3H); 
13C NMR (150 MHz, CD2Cl2): δ 
145.9, 145.5, 139.7, 135.7, 132.8, 130.4, 130.3, 129.3, 127.1 (br), 126.4, 109.7, 21.5 (B–
[thiophenyl-2–C] signal not observed); 11B NMR (160 MHz, CD2Cl2): δ 31.1; FTIR (thin 
film): ῦ =3387, 3016, 5917, 1604, 1542, 1508, 1446, 1412, 1370, 1353, 1337, 1309, 
1286, 1234, 1210, 1188, 1159, 1120, 1075, 1043, 1024, 956, 906, 849, 818, 759, 733, 
702, 641, 611, 596, 567, 548; HRMS (DART) calcd for C15H15BNS [M + 1]
+ 252.10183, 
252.10246 found. 
Compound 2.109. 2.109 (0.007 g, 7%) was synthesized as a white 
solid and was formed as a minor component from the above 
reaction. 1H NMR (600 MHz, CD2Cl2): δ 8.47 (br s, 2H), 7.82 (dd, 
3JHH = 11.0, 7.5 Hz, 2H), 7.74 (s, 2H), 7.59 (d, 
3JHH = 6.5 Hz, 4H), 
7.34 (d, 3JHH = 6.5 Hz, 4H), 7.11 (d, 
3JHH = 11.0 Hz, 2H), 6.67 (d, 
3JHH = 7.5 Hz, 2H), 
2.42 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 145.9, 145.6, 139.8, 135.7, 134.5, 130.4, 
126.5, 109.7, 21.5 (B–C signals not observed); 11B NMR (192 MHz, CD2Cl2): δ 31.2; 
FTIR (thin film): ῦ = 3392, 3016, 2916, 2853, 1603, 1536, 1507, 1443, 1370, 1350, 1309, 
1287, 1229, 1210, 1187, 1157, 1143, 1074, 1023, 962, 951, 911, 862, 817, 756, 733, 712, 
641, 613, 567, 548, 515; HRMS (DART) calcd for C26H25B2N2S [M + 1]
+ 419.19245, 
419.19325 found. 
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2.5.2.9 Cross Coupling Reactions in Table 2.6 
Compound 2.111. 2.111 (79 mg, 93% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and bromobenzene (52 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel chromatography using 10% 
Et2O in pentane as eluent. A duplicate reaction gave 87% yield. 
1H NMR (500 MHz, 
CD2Cl2): δ 8.30 (br s, 1H), 7.87 (dd, 
3JHH = 11.5, 6.5 Hz, 1H), 7.66 (d, 
3JHH = 7.5 Hz, 
2H), 7.51 (t, 3JHH = 7.5 Hz, 2H), 7.45 (t, 
3JHH = 7.5 Hz, 1H), 6.93 (s, 2H), 6.90 (d, 
3JHH = 
11.5 Hz, 1H), 6.76 (d, 3JHH = 6.5 Hz, 1H), 2.35 (s, 3H), 2.27 (s, 6H); 
13C NMR (125.8 
MHz, CD2Cl2): δ 144.9, 144.3, 140.0, 138.1, 137.1, 130.2 (br), 129.1, 128.7, 127.1, 
126.0, 108.9, 23.9, 21.4; 11B NMR (96 MHz, CD2Cl2): δ 36.1; FTIR (thin film): ῦ = 
3450-3350, 3100-2900, 1602, 1535, 1457, 1045, 860, 753, 700; HRMS (EI) calcd for 
C19H20NB [M]
+ 273.16888, 273.16846 found.  
Compound 2.112. 2.112 (83 mg, 93% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and para-bromotoluene (56 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 89% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 8.28 (br s, 1H), 7.86 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 
7.55 (d, 3JHH = 7.5 Hz, 2H), 7.32 (d, 
3JHH = 7.5 Hz, 2H), 6.92 (s, 2H), 6.86 (d, 
3JHH = 11.0 
Hz, 1H), 6.73 (d, 3JHH = 7.0 Hz, 1H), 2.44 (s, 3H), 2.35 (s, 3H), 2.27 (s, 6H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 144.9, 144.1, 140.8, 138.9, 137.0, 135.2, 130.0 (br), 129.8, 
129.7, 127.1, 125.8, 23.0, 20.9, 20.8; 11B NMR (96 MHz, CD2Cl2): δ 37.1; FTIR (thin 
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film): ῦ = 3450-3350, 3100-2900, 1622, 1555, 1528, 1484, 1041, 967, 920, 790; HRMS 
(EI) calcd for C20H23NB [MI+1]
+ 288.19243, 288.19189 found. 
Compound 2.113. 2.113 (80 mg, 90% yield) was synthesized as a white 
solid from 2.87 (0.10 g, 0.31 mmol) and ortho-bromotoluene (56 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel chromatography using 10% 
Et2O in pentane as eluent. A duplicate reaction gave 87% yield. 
1H NMR (500 MHz, 
CD2Cl2): δ 7.98 (br s, 1H), 7.87 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.33 (m, 4H), 6.91 (s, 2H), 
6.88 (d, 3JHH = 8.0 Hz, 1H), 6.45 (d, 
3JHH = 7.0 Hz, 1H), 2.41 (s, 3H), 2.35 (s, 3H), 2.27 
(s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 146.3, 144.6, 140.5, 139.6, 137.6, 136.2, 
131.3, 129.8 (br), 129.7, 129.2, 127.6, 126.6, 111.5, 23.6, 21.5, 20.5; 11B NMR (160 
MHz, CD2Cl2): δ 35.8; FTIR (thin film): ῦ = 3364, 3017, 2914, 2855, 1725, 1608, 1539, 
1484, 1446, 1366, 1341, 1294, 1269, 1221, 1196, 1151, 1119, 1070, 1030, 992, 946, 919, 
847, 810, 758, 742, 727, 651, 596, 566, 545, 485, 456; HRMS (DART) calcd for 
C20H23NB [M+1]
+ 288.19235, 288.19322 found. 
Compound 2.114. 2.114 (71 mg, 76% yield) was synthesized as a white 
solid from 2.87 (0.10 g, 0.31 mmol) and para-bromobenzaldehyde (0.079 
g, 0.33 mmol) using general procedure A for Suzuki cross coupling. 
Following solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 74% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 9.99 (s, 1H), 8.41 (s, 1H), 7.97 (d, 
3JHH = 8.5 Hz, 
2H), 7.89 (d, 3JHH = 11.0, 6.5 Hz, 1H), 7.83 (d, 
3JHH = 8.5 Hz, 2H), 6.99 (d, 
3JHH = 11.0 
Hz, 1H), 6.85 (d, 3JHH = 6.5 Hz, 1H), 2.34 (s, 3H), 2.26 (s, 6H); 
13C NMR (125.8 MHz, 
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CD2Cl2): δ 192.0, 144.7, 144.0, 143.9, 140.6, 137.8, 136.8, 132.4 (br), 130.86, 127.7, 
127.1, 110.8, 23.5, 21.5; 11B NMR (160 MHz, CD2Cl2): δ 36.4; FTIR (thin film): ῦ = 
3399, 3330, 3022, 2963, 2941, 2914, 2853, 1674, 1602, 1562, 1541, 1506, 1445, 1427, 
1394, 1375, 1359, 1309, 1283, 1214, 1174, 1151, 1113, 1075, 1030, 1010, 990, 921, 832, 
799, 764, 736, 723, 665, 636, 619, 606, 576, 564, 507; HRMS (DART) calcd for 
C20H21ONB [M+1]
+ 302.17162, 302.17243 found. 
Compound 2.115. 2.115 (96 mg, 96% yield) was synthesized as a white 
solid from 2.87 (0.1 g, 0.31 mmol) and para-bromoacetophenone (66 mg, 
0.33 mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 90% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 8.28 (br s, 1H), 8.03 (d, 
3JHH = 8.0 Hz, 2H), 7.84 
(dd, 3JHH = 11.0, 7.0 Hz, 1H), 7.72 (d, 
3JHH = 8.0 Hz, 2H), 6.91 (d, 
3JHH = 11.0 Hz, 1H), 
6.87 (s, 2H), 6.79 (d, 3JHH = 7.0 Hz, 1H), 2.61 (s, 3H), 2.29 (s, 3H), 2.20 (s, 6H); 
13C 
NMR (125.8 MHz, CD2Cl2): δ 197.0, 144.1, 143.5, 142.0, 140.0, 137.2, 136.9, 131.4 (br), 
129.0, 127.1, 126.0, 109.8, 26.5, 22.9, 20.8; 11B NMR (96 MHz, CD2Cl2): δ 37.9; FTIR 
(thin film): ῦ = 3450-3350, 3100-2900, 1694, 1600, 1533, 1450, 1386, 1283, 997, 800; 
HRMS (EI) calcd for C21H23ONB [M+1]
+ 316.18734, 316.18857 found. 
Compound 2.116. 2.116 (78 mg, 85% yield) was synthesized as a white 
solid from 2.87 (0.1 g, 0.31 mmol) and para-bromobenzonitrile (60 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel 
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chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 75% 
yield. 
1H NMR (500 MHz, CD2Cl2): δ 8.20 (br s, 1H), 7.84 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.76 
(d, 3JHH = 8.0 Hz, 2H), 7.74 (d, 
3JHH = 8.0 Hz, 2H), 6.94 (d, 
3JHH = 11.0 Hz, 1H), 6.87 (s, 
2H), 6.76 (d, 3JHH = 7.0 Hz, 1H), 2.29 (s, 3H), 2.19 (s, 6H); 
13C NMR (125.8 MHz, 
CD2Cl2): δ 144.0, 142.7, 142.1, 139.9, 137.3, 132.9, 132.0 (br), 127.1, 126.6, 118.4, 
112.2, 110.2, 22.9, 20.8; 11B NMR (96 MHz, CD2Cl2): δ 37.8; FTIR (thin film): ῦ = 
3450-3350, 3100-2900, 2265, 1621, 1584, 1559, 1503, 897, 810; HRMS (EI) calcd for 
C20H20N2B [M+1]
+ 299.17203, 299.17105 found. 
Compound 2.117. 2.117 (100 mg, 94% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and para-trifluoromethyl-
bromobenzene (74 mg, 0.33 mmol) using general procedure A for Suzuki 
cross coupling. Following solvent removal the crude material was 
purified by silica gel chromatography using 10% Et2O in pentane as eluent. A duplicate 
reaction gave 90% yield. 1H NMR (500 MHz, CD2Cl2): δ 8.27 (br s, 1H), 7.88 (dd, 
3JHH = 
11.0, 7.0 Hz, 1H), 7.78 (s, 4H), 6.97 (d, 3JHH = 11.0 Hz, 1H), 6.92 (s, 2H), 6.80 (d, 
3JHH = 
7.0 Hz, 1H), 2.34 (s, 3H), 2.26 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 144.8, 143.8, 
142.2, 140.6, 137.9, 132.0 (br), 127.8, 127.1, 126.7, 126.6, 126.5, 110.5, 23.6, 21.5; 11B 
NMR (160 MHz, CD2Cl2): δ 36.4; FTIR (thin film): ῦ = 3404, 3377, 3022, 2919, 2857, 
1606, 1573, 1541, 1513, 1447, 1416, 1373, 1321, 1290, 1222, 1203, 1157, 1109, 1065, 
1013, 992, 963, 952, 920, 864, 840, 791, 769, 743, 722, 669, 642, 623, 595; HRMS 
(DART) calcd for C20H20NBF3 [M+1]
+ 342.16409, 342.16569 found. 
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Compound 2.118. 2.118 (74 mg, 82% yield) was synthesized as a white 
solid from 2.87 (0.1 g, 0.31 mmol) and para-fluoro-bromobenzene (58 mg, 
0.33 mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel chromatography 
using 10% Et2O in pentane as eluent. A duplicate reaction gave 70% yield. 
1H NMR (500 
MHz, CD2Cl2): δ 8.19 (br s, 1H), 7.83 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.62 (t, 
3JHH = 8.5 
Hz, 2H), 7.19 (t, 3JHH = 8.5 Hz, 2H), 6.89 (s, 2H), 6.86 (d, 
3JHH = 11.0 Hz, 1H), 6.67 (d, 
3JHH = 7.0 Hz, 1H), 2.31 (s, 3H), 2.23 (s, 6H); 
13C NMR (125.8 MHz, CD2Cl2): δ 163.0 
(d, 2JCF = 248.5 Hz), 144.3, 143.9, 140.1, 137.1, 134.5 (d, 
2JCF = 2.9 Hz), 130.3 (br), 
127.9, 127.1, 116.00 (d, 2JCF = 22.2 Hz), 108.8, 22.9, 20.8; 
11B NMR (96 MHz, CD2Cl2): 
δ 35.9; FTIR (thin film): ῦ = 3400-3330, 3100-2900, 1614, 1553, 1520, 1497, 1268, 
1203, 854, 795; HRMS (EI) calcd for C19H19FNB [M+1]
+ 292.16732, 292.16813 found. 
Compound 2.119. 2.119 (69 mg, 70% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and para-bromonitrobenzene (67 mg, 
0.33 mmol) using general procedure A for Suzuki cross coupling. 
Following solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 67% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 8.30 (m, 3H), 7.87 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 
7.81 (d, 3JHH = 8.0 Hz, 2H), 6.99 (d, 
3JHH = 11.0 Hz, 1H), 6.89 (s, 2H), 6.83 (d, 
3JHH = 7.0 
Hz, 1H), 2.23 (s, 3H), 2.22 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 148.3, 144.6, 
144.5, 142.9, 140.5, 137.9, 133.3 (br), 127.7, 127.4, 124.9, 111.2, 23.5, 21.4; 11B NMR 
(160 MHz, CD2Cl2): δ 36.5; FTIR (thin film): ῦ = 3392, 2915, 2854, 1606, 1590, 1540, 
1508, 1445, 1374, 1338, 1280, 1227, 1166, 1150, 1124, 1105, 1075, 1026, 1008, 990, 
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921, 851, 778, 763, 689, 618, 605, 563, 528, 492; HRMS (DART) calcd for 
C19H20N2O2B [M+1]
+ 319.16178, 319.16019 found. 
Compound 2.120. 2.120 (90 mg, 96% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and para-methoxybromobenzene (62 
mg, 0.33 mmol) using general procedure A for Suzuki cross coupling. 
Following solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 96% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 8.19 (br s, 1H), 7.80 (dd, 
3JHH = 10.5, 7.0 Hz, 1H), 
7.56 (d, 3JHH = 8.5 Hz, 2H), 6.99 (d, 
3JHH = 8.5 Hz, 2H), 6.86 (s, 2H), 6.77 (d, 
3JHH = 10.5 
Hz, 1H), 6.64 (d, 3JHH = 7.0 Hz), 3.84 (s, 3H), 2.29 (s, 3H), 2.20 (s, 6H); 
13C NMR (125.8 
MHz, CD2Cl2): δ 160.2, 144.7, 144.3, 140.0, 137.0, 130.5, 128.9 (br), 127.1, 127.0, 
114.4, 108.0, 55.3, 22.9, 20.8; 11B NMR (96 MHz, CD2Cl2): δ 36.0; FTIR (thin film): ῦ = 
3460-3370, 3100-2850, 1621, 1556, 1500, 1454, 1291, 1217, 1066, 860, 790; HRMS (EI) 
calcd for C20H22NBO [M]
+ 303.17945, 303.18012 found.  
Compound 2.121. 2.121 (77 mg, 87% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and parabromoaniline (57 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 84% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 8.27 (br s, 1H), 7.86 (dd, 
3JHH = 11.0, 7.0 Hz, 1H),  
7.46 (d, 3JHH = 8.5 Hz, 2H), 6.95 (s, 2H), 6.81 (d, 
3JHH = 11.0 Hz, 1H), 6.75 (d, 
3JHH = 8.5 
Hz, 2H), 6.67 (d, 3JHH = 7.0 Hz, 1H), 3.88 (s, 2H), 2.37 (s, 3H), 2.29 (s, 6 H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 148.1, 145.9, 145.1, 140.6, 137.5, 129.0 (br), 128.4, 127.7, 
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127.5, 115.6, 107.9, 23.6, 21.5; 11B NMR (160 MHz, CD2Cl2): δ ; FTIR (thin film): ῦ = 
3403, 3328, 3276, 3017, 2915, 2854, 1605, 1569, 1542, 1509, 1451, 1373, 1353, 1326, 
1275, 1222, 1188, 1163, 1151, 1073, 1029, 1011, 989, 924, 852, 834, 768, 726, 667, 629, 
565, 554, 530, 514, 481; HRMS (DART) calcd for C19H22N2B [M+1]
+ 289.18760, 
289.18804 found. 
Compound 2.122. 2.122 (91 mg, 93% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and parabromo(dimethyl)aniline (66 
mg, 0.33 mmol) using general procedure A for Suzuki cross coupling. 
Following solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 87% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 8.19 (br s, 1H), 7.77 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 
7.49 (d, 3JHH = 8.5 Hz, 2H), 6.86 (s, 2H), 6.77 (d, 
3JHH = 8.5 Hz, 2H), 6.68 (d, 
3JHH = 11.0 
Hz, 1H), 6.62 (d, 3JHH = 7.0 Hz, 1H), 3.00 (s, 6H), 2.29 (s, 3H), 2.20 (s, 6H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 150.8, 145.4, 144.4, 140.0, 136.9, 127.8 (br), 127.0, 126.5, 
125.2, 112.3, 107.0, 40.0, 22.9, 20.8; 11B NMR (96 MHz, CD2Cl2): δ 37.2; FTIR (thin 
film): ῦ = 3450-3350, 3100-2900, 1613, 1525, 1504, 1461, 894, 780; HRMS (EI) calcd 
for C21H26N2B [M+1]
+ 317.21894, 317.22033 found. 
Compound 2.123. 2.123 (70 mg, 80% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and 2-bromothiophene (54 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel chromatography using 10% 
Et2O in pentane as eluent. A duplicate reaction gave 79% yield. 
1H NMR (500 MHz, 
CD2Cl2): δ 8.19 (br s, 1H), 7.79 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.37 (d, 
3JHH = 4.5 Hz, 
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1H), 7.35 (d, 3JHH = 4.5 Hz, 1H), 7.13 (dd, 
3JHH = 4.5, 4.0 Hz, 1H), 6.92 (s, 2H), 6.85 (d, 
3JHH = 11.0 Hz, 1H), 6.78 (d, 
3JHH = 7.0 Hz, 1H), 2.35 (s, 3H), 2.26 (s, 6H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 144.8, 141.9, 140.6, 139.3, 137.8, 131.0 (br), 128.7, 127.8, 
126.5, 124.1, 109.1, 23.5, 21.5; 11B NMR (160 MHz, CD2Cl2): δ 36.2; FTIR (thin film): ῦ 
= 3380, 3354, 3086, 3064, 3028, 2955, 2913, 2853, 1602, 1538, 1512, 1445, 1375, 1339, 
1291, 1265, 1232, 1213, 1166, 1151, 1081, 1066, 1054, 1030, 1014, 986, 970, 942, 921, 
849, 825, 760, 731, 717, 634, 590, 576; HRMS (DART) calcd for C17H19NBS [M+1]
+ 
280.13312, 280.13367 found. 
Compound 2.124. 2.124 (66 mg, 76% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and 3-bromothiophene (54 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel chromatography using 10% 
Et2O in pentane as eluent. A duplicate reaction gave 76% yield. 
1H NMR (500 MHz, 
CD2Cl2): δ 8.21 (br s, 1H), 7.83 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.51 (m, 1H), 7.46 (m, 
1H), 7.42 (m, 1H), 6.92 (s, 2H), 6.85 (d, 3JHH = 11.0, 1H), 6.75 (d, 
3JHH = 7.5 Hz, 1H), 
2.35 (s, 3H), 2.26 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 144.7, 140.5, 140.4, 140.0, 
138.7 (br), 137.5, 130.2 (br), 127.5, 127.4, 125.7, 121.3, 108.8, 23.3, 21.3; 11B NMR (160 
MHz, CD2Cl2): δ 36.0; FTIR (thin film): ῦ = 3388, 3091, 2912, 2852, 1605, 1541, 1510, 
1446, 1412, 1374, 1346, 1263, 1220, 1165, 1152, 1092, 1069, 1034, 1001, 923, 874, 849, 
819, 793, 759, 730, 700, 689, 654, 588; HRMS (DART) calcd for C17H19NBS [M+1]
+ 
280.13313, 280.13380 found. 
Compound 2.125. 2.125 (83 mg, 98% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and 2-bromopyridine (52 mg, 0.33 
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mmol) using general procedure A for Suzuki cross coupling. Following solvent removal 
the crude material was purified by silica gel chromatography using 10% Et2O in pentane 
as eluent. A duplicate reaction gave 92% yield. 1H NMR (500 MHz, CD2Cl2): δ 10.17 (br 
s, 1H), 8.62 (d, 3JHH = 4 Hz, 1H), 7.94 (d, 
3JHH = 8 Hz, 1H), 7.89 (dd, 
3JHH = 11.5, 7.5 Hz, 
1H), 7.79 (t, 3JHH = 7.5 Hz, 1H), 7.27 (t, 
3JHH = 6.5 Hz, 1H), 7.16 (d, 
3JHH = 6.5 Hz, 1H), 
7.02 (d, 3JHH = 11.5 Hz, 1H), 6.93 (s, 2H), 2.36 (s, 3H), 2.26 (s, 6H); 
13C NMR (125.8 
MHz, CD2Cl2): δ 151.8, 148.9, 143.7, 141.2, 140.0, 137.0, 136.9, 133.0 (br), 127.1, 
123.2, 119.2, 107.7, 23.0, 20.9; 11B NMR (96 MHz, CD2Cl2): δ 35.9; FTIR (thin film): ῦ 
= 3600-3300, 3150-2850, 1621, 1533, 1434, 1301, 1189, 1080, 1011, 860, 775; HRMS 
(EI) calcd for C18H19N2B [M]
+ 274.16414, 274.16361 found. 
Compound 2.126. 2.126 (170 mg, 80% yield) was synthesized as a white 
solid from 2.68 (250 mg, 0.89 mmol) and 2-bromopyridine (150 mg, 0.93 
mmol) using scaled-up general procedure A for Suzuki cross coupling. 
Following solvent removal the crude material was purified by silica gel chromatography 
using 10% Et2O in pentane as eluent. 
1H NMR (500 MHz, CD2Cl2): δ 10.63 (br s, 1H), 
8.73 (d, 3JHH = 5.0 Hz, 1H), 8.02 (d, 
3JHH = 7.0 Hz, 2H), 7.93 (m, 2H), 7.78 (td, 
3JHH = 
7.0, 1.5 Hz, 1H), 7.52 (t, 3JHH = 6.5 Hz, 2H), 7.47 (m, 1H), 7.37 (d, 
3JHH = 11.5 Hz, 1H), 
7.31 (dd, 3JHH = 11.5, 7.5 Hz, 1H), 7.14 (d, 
3JHH = 7.5 Hz, 1H); 
13C NMR (125.8 MHz, 
CD2Cl2): δ 151.5, 149.0, 144.6, 141.1, 137.1, 132.5, 130.1 (br), 129.1, 128.1, 123.3, 
119.3, 108.2; 11B NMR (96 MHz, CD2Cl2): δ 33.6; FTIR (thin film): ῦ = 3430, 3100-
2900, 1615, 1612, 1563, 1476, 1443, 1408, 1226, 1100, 1014, 744, 730, 609; HRMS (EI) 
calcd for C14H25NB2O3 [M]
+ 277.20206, 277.20213 found. 
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Compound 2.127. 2.127 (23 mg, 55% yield) was synthesized as a white 
solid from 2.77 (50 mg, 0.19 mmol) and 2-bromopyridine (35 mg, 0.22 
mmol) using scale-modified general procedure A for Suzuki cross 
coupling. Following solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent.  
1H NMR (500 MHz, CD2Cl2): δ 9.90 (br s, 1H), 8.66 (s, 
3JHH = 5.0 Hz, 1H), 7.87 d, 
3JHH 
= 8.0 Hz, 1H), 7.77 (m, 1H), 7.69 (t, 3JHH = 8.0 Hz, 1H), 7.27 (t, 
3JHH = 6.0 Hz, 1H), 6.96 
(d, 3JHH = 6.0 Hz, 1H), 6.85 (d, 
3JHH = 8.0 Hz, 1H), 1.60 (t, 
3JHH = 8.0 Hz, 2H), 1.42 (m, 
3JHH = 8.0 Hz, 2H), 1.28 (m, 
3JHH = 8.0 Hz, 2H), 0.96 (t, 
3JHH = 8.0 Hz, 3H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 151.9, 148.8, 143.0, 140.6, 136.9, 131.9 (br), 123.0, 119.2, 
107.0, 28.6, 25.7, 18.4 (br), 13.9; 11B NMR (96 MHz, CD2Cl2): δ 37.8; FTIR (thin film): 
ῦ = 3400, 3100-2900, 1620, 1550, 1482, 1466, 1312, 1294, 1175, 1140, 1022, 876, 814, 
785, 749, 706, 610; HRMS (EI) calcd for C13H17N2B [M]
+ 212.14849, 
212.14946 found. 
Compound 2.128. 2.128 (0.276 g, 80.0%) was synthesized as a white solid 
from 2.75 (0.47 g, 2.0 mmol) and 2-bromopyridine (0.35 g, 2.2 mmol) using 
general procedure A for Suzuki cross coupling. Following solvent removal the crude 
material was purified by alumina gel chromatography using 1:8 ether:pentane as eluent. 
1H NMR (500 MHz, CD2Cl2): δ 9.95 (br s, 1H), 8.66 (d, 
3JHH = 5.0 Hz, 1H), 7.86 (d, 
3JHH 
= 8.0 Hz, 1H), 7.74 (m, 2H), 7.27 (t, 3JHH = 6.0 Hz, 1H), 6.98 (d, 
3JHH = 7.5 Hz, 1H), 6.89 
(d, 3JHH = 11.0 Hz, 1H), 1.31 (t, 
3JHH = 9.0 Hz, 2H), 1.22 (t, 
3JHH = 9.0 Hz, 3H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 151.9, 148.8, 143.1, 140.6, 136.9, 131.4 (br), 123.0, 119.2, 
107.1, 10.0 (br), 9.7; 11B NMR (96 MHz, CD2Cl2): δ 38.0; FTIR (thin film): ῦ = 3350, 
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3100-2900, 1600, 1554, 1469, 1457, 1314, 1291, 1191, 1146, 1034, 825, 792, 773, 705, 
612; HRMS (EI) calcd for C11H13N2B [M]
+ 184.11719, 184.11780 found. 
Compound 2.129. 2.129 (126 mg, 54% yield) was synthesized as a white 
solid from 2.73 (300 mg, 1.4 mmol) and 2-bromopyridine (240 mg, 1.5 
mmol) using scaled-up general procedure A for Suzuki cross coupling. 
Following solvent removal the crude material was purified by silica gel chromatography 
using 10% Et2O in pentane as eluent. A duplicate reaction gave 52% yield. 
1H NMR (500 
MHz, CD2Cl2): δ 10.0 (br s, 1H), 8.68 (d, 
3JHH = 4.0 Hz, 1H), 7.83 (d, 
3JHH = 7.5 Hz, 1H), 
7.75 (dd, 3JHH = 11.5, 7.0 Hz, 1H), 7.71 (td, 
3JHH = 7.5, 4.0 Hz, 1H), 7,25 (dd, 
3JHH = 7.5, 
5.0 Hz, 1H), 6.80 (m, 2H), 0.89 (s, 3H); 13C NMR (125 MHz, CD2Cl2): δ 152.4, 149.4, 
143.6, 141.4, 137.5, 133.7 (br), 123.6, 119.7, 107.7, 2.4 (br); 11B NMR (160 MHz, 
CD2Cl2): δ 36.9; FTIR (ATR): ῦ = 3321, 3009, 1602, 1590, 1564, 1534, 1465, 1435, 
1311, 1285, 1239, 1153, 1131, 1076, 1054, 1025, 990, 890, 876, 788, 744, 685, 590, 490, 
435; HRMS (DART) calcd for C10H12BN2 [M + 1]
+ 171.10935, 171.10946 found. 
Compound 2.130. 2.130 (84 mg, 75% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and 1-bromoisoquinoline (69 mg, 
0.33 mmol) using general procedure A for Suzuki cross coupling. 
Following solvent removal the crude material was purified by silica gel 
chromatography using 10% Et2O in pentane as eluent. A duplicate reaction gave 71% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 9.36 (br s, 1H), 8.64 (d, 
3JHH = 8.0 Hz, 1H), 8.60 
(d, 3JHH = 5.0 Hz, 1H), 7.96 (m, 2H), 7.77 (t, 
3JHH = 7.0 Hz, 1H), 7.68 (m, 2H), 7.12 (d, 
3JHH = 11.0 Hz, 1H), 7.07 (d, 
3JHH = 7.5 Hz, 1H), 6.94 (s, 2H), 2.36 (s, 3H), 2.32 (s, 6H); 
13C NMR (125.8 MHz, CD2Cl2): δ156.0, 143.7, 142.4, 140.6, 138.3 (br), 138.0, 137.6, 
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133.0 (br), 130.8, 128.3, 127.9, 127.7, 127.3, 126.4, 121.4, 114.3, 23.6, 21.5; 11B NMR 
(160 MHz, CD2Cl2): δ 36.0; FTIR (thin film): ῦ = 3329, 3025, 2911, 2853, 1608, 1581, 
1539, 1497, 1442, 1391, 1373, 1342, 1314, 1280, 1263, 1228, 1204, 1170, 1152, 1140, 
1122, 1044, 1013, 954, 851, 829, 809, 796, 771, 752, 726, 717, 673, 655, 623, 598, 568, 
554, 533, 525, 515, 466; HRMS (DART) calcd for C22H22N2B [M+1]
+ 325.18760, 
325.18744 found. 
Compound 2.131. 2.131 (99 mg, 88% yield) was synthesized as a white 
solid from 2.87 (100 mg, 0.31 mmol) and 8-bromoquinoline (69 mg, 0.33 
mmol) using general procedure A for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel chromatography using 10% 
Et2O in pentane as eluent. A duplicate reaction gave 84% yield. 
1H NMR (500 MHz, 
CD2Cl2): δ 10.42 (br s, 1H), 8.24 (d, 
3JHH = 8.5 Hz, 1H), 8.10 (d, 
3JHH = 8.5 Hz, 1H), 8.03 
(d, 3JHH = 8.5 Hz, 1H), 7.91 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.85 (d, 
3JHH = 8.5 Hz, 1H), 
7.73 (t, 3JHH = 8.5 Hz, 1H), 7.56 (t, 
3JHH = 8.5 Hz, 1H), 7.30 (d, 
3JHH = 7.5 Hz, 1H), 7.05 
(d, 3JHH = 11.0 Hz, 1H), 6.92 (s, 2H), 2.35 (s, 3H), 2.26 (s, 6H); 
13C NMR (125.8 MHz, 
CD2Cl2): δ 151.9, 147.9, 144.2, 141.9, 140.7, 137.7, 137.6, 134.4 (br), 130.6, 129.9, 
128.4, 128.1, 127.7, 127.4, 117.6, 109.9, 23.6, 21.5; 11B NMR (160 MHz, CD2Cl2): δ 
35.9; FTIR (thin film): ῦ = 3324, 3018, 2913, 2853, 1607, 1594, 1536, 1504, 1431, 1391, 
1374, 1331, 1291, 1248, 1221, 1202, 1168, 1143, 1126, 1080, 1044, 1000, 951, 920, 865, 
846, 823, 790, 768, 734, 710, 677, 633, 615, 564, 548, 534, 515, 476; HRMS (DART) 
calcd for C22H22N2B [M+1]
+ 325.18760, 325.18744 found. 
Compound 2.132. 2.132 (0.25 g, 70%) was synthesized as a white solid 
from 2.73 (0.35 g, 1.6mmol) and 8-bromoquinoline (0.37 g, 1.8 mmol) 
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using general procedure A for Suzuki cross coupling. Following solvent removal the 
crude material was purified by silica gel chromatography using 1:9 ether:pentane as 
eluent. 1H NMR (600 MHz, CD2Cl2): δ 10.82 (br s, 1H), 8.98 (d, 
3JHH = 5.0 Hz, 1H), 8.22 
(d, 3JHH = 7.5 Hz, 1H), 8.05 (d, 
3JHH = 7.5 Hz, 1H), 7.83 (d, 
3JHH = 7.5 Hz, 1H), 7.77 (dd, 
3JHH = 11.0, 7.0 Hz, 1H), 7.59 (m, 1H), 7.46 (m, 1H), 6.83 (d, 
3JHH = 11.0 Hz, 1H), 6.80 
(d, 3JHH = 7.0 Hz, 1H), 0.86 (s, 3H); 
13C NMR (150 MHz, CD2Cl2): δ 150.2, 146.4, 145.3, 
143.9, 137.5, 134.4, 130.5 (br), 130.1, 129.5, 129.4, 127.0, 121.8, 110.6, 2.4 (br); 11B 
NMR (160 MHz, CD2Cl2): δ 36.1; FTIR (thin film): ῦ = 3264, 3013, 2892, 1599, 1573, 
1543, 1498, 1454, 1424, 1370, 1353, 1312, 1304, 1277, 1154, 1126, 890, 862, 826, 810, 
788, 761, 745, 711, 658, 646, 590, 570, 562, 529, 479, 437; HRMS (DART) calcd for 
C14H14BN2 [M + 1]
+ 221.12500, 221.12578 found. 
2.5.2.10 Cross Coupling Reactions in Table 2.7 
Compound 2.135. 2.135 (83 mg, 71% yield) was synthesized as a white solid 
from 2.66 (150 mg, 0.75 mmol) and bromobenzene (120 mg, 0.79 mmol) 
using general procedure B for Suzuki cross coupling. This reaction was run for 
8 hours. Following solvent removal the crude material was purified by silica gel 
chromatography using 5% Et2O in pentane as eluent. A duplicate reaction gave 65% 
yield. 1H NMR (600 MHz, CD2Cl2): δ 8.62 (br s, 1H), 7.83 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 
7.62 (m, 2H), 7.50 (m, 3H), 7.01 (d, 3JHH = 11.0 Hz, 1H), 7.78 (d, 
3JHH = 7.5 Hz, 1H), 
5.05 (q, J = 120 Hz, 1H); 13C NMR (150 MHz, CD2Cl2): δ 145.5, 145.0, 138.4, 130.3 
(br), 129.7, 129.4, 126.2, 110.4; 11B NMR (192 MHz, CD2Cl2): δ 31.2 (d, J = 120 Hz); 
FTIR (thin film): ῦ = 3324, 1607, 1600, 1594, 1536, 1504, 1431, 1391, 1374, 1331, 1291, 
1227, 1203, 1144, 1127, 1082, 1043, 1010, 950, 920, 912, 867, 824, 791, 778, 736, 710, 
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667, 632, 615, 563; HRMS (DART) calcd for C10H11NB [M+1]
+ 156.09845, 156.09925 
found. 
Compound 2.107. 2.107 (0.095 g, 75%) was synthesized as a white solid from 
2.66 (0.15 g, 0.75 mmol) and 4-bromotoluene (0.14 g, 0.79 mmol) using 
general procedure B for Suzuki cross coupling. Following solvent removal the 
crude material was purified by silica gel chromatography using 1:15 
ether:pentane as eluent. A duplicate reaction gave 73% yield. 1H NMR (500 MHz, 
CD2Cl2): δ 8.63 (s, 1H), 7.83 (dd, , 
3JHH = 11.0, 7.5 Hz, 1H), 7.53 (d, , 
3JHH = 8.5 Hz, 2H), 
7.32 (d, 3JHH = 8.5 Hz, 2H), 6.96 (d, 
3JHH = 11.0 Hz, 1H), 6.75 (d, 
3JHH = 7.5 Hz, 1H), 
5.07 (br q, 1JBH = 90 Hz, 1H), 2.44 (s, 3H); 
13C NMR (125.8 MHz, CD2Cl2): δ 145.5, 
145.2, 139.6, 135.7, 130.4, 129.4 (br), 126.3, 110.3, 21.5; 11B NMR (160 MHz, CD2Cl2): 
δ 31.2 (d, 1JBH = 90 Hz); FTIR (thin film): ῦ = 3403, 3031, 2915, 2530, 2465, 1602, 1539, 
1509, 1441, 1373, 1347, 1311, 1272, 1245, 1198, 1168, 1129, 1096, 1031, 1018, 993, 
913, 890, 856, 817, 751, 716, 706, 668, 639, 576, 554, 514, 455; HRMS (DART) calcd 
for C11H13NB [M+1]
+ 170.11410, 170.11483 found. 
Compound 2.136. 2.136 (76 mg, 60% yield) was synthesized as a white solid 
from 2.66 (150 mg, 0.75 mmol) and orthobromotoluene (140 mg, 0.79 mmol) 
using general procedure B for Suzuki cross coupling. This reaction was run 
for 12 hours. Following solvent removal the crude material was purified by silica gel 
chromatography using 5% Et2O in pentane as eluent. A duplicate reaction gave 57% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 8.37 (br s, 1H), 7.79 (d, 
3JHH = 11.0, 7.5 Hz, 1H), 
7.31 (m, 4H), 6.90 (d, 3JHH = 11.0 Hz, 1H), 6.43 (d, 
3JHH = 7.5 Hz, 1H), 4.98 (q, JBH = 122 
Hz, 1H), 2.32 (s, 3H); 13C NMR (125.8 MHz, CD2Cl2): δ 146.3, 144.7, 139.4, 136.3, 
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131.3, 129.5, 129.2, 126.6, 112.7, 20.4; 11B NMR (160 MHz, CD2Cl2): δ 30.9 (d, JBH = 
122 Hz); FTIR (thin film): ῦ = 3374, 3020, 2521, 1611, 1597, 1537, 1485, 1438, 1373, 
1343, 1292, 1265, 1231, 1197, 1163, 1121, 1096, 1047, 1028, 994, 933, 892, 858, 761, 
723, 701, 688, 604, 578, 538, 474; HRMS (DART) calcd for C11H13BN [M + 1]
+ 
170.11410, 170.11411 found. 
Compound 2.137. 2.137 (0.11 g, 63%) was synthesized as a clear oil 
from 2.79 (0.21 g, 0.75 mmol) and bromobenzene (0.12 g, 0.79 mmol) 
using general procedure B for Suzuki cross coupling. Following solvent 
removal the crude material was purified by silica gel chromatography 
using 1:9 ether:pentane as eluent. A duplicate reaction gave 61% yield. 1H NMR (500 
MHz, CD2Cl2): δ 7.66 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.60 (m, 2H), 7.48 (m, 2H), 7.41 (m, 
1H), 7.28 (br s, 1H), 6.34 (d, 3JHH = 11.0 Hz, 1H), 6.28 (d, 
3JHH = 7.5 Hz, 1H), 4.03 (t, 
3JHH = 8.0 Hz, 2H), 1.69 (m, 2H), 1.49 (m, 2H), 1.00 (t, 
3JHH = 8.0 Hz, 3H); 
13C NMR 
(150 MHz, CD2Cl2): δ 147.0, 145.4, 138.7, 129.5, 129.2, 126.4, 118.0 (br), 104.8, 65.3, 
34.5, 19.7, 14.3; 11B NMR (160 MHz, CD2Cl2): δ 29.3; FTIR (thin film): ῦ = 3393, 3309, 
3027, 2956, 2931, 2871, 1600, 1573, 1541, 1482, 1453, 1388, 1295, 1244, 1218, 1161, 
1117, 1084, 1030, 970, 913, 842, 787, 771, 743, 693, 606, 583, 515; HRMS (DART) 
calcd for C14H19BNO [M + 1]
+ 228.15597, 228.15668 found. 
Compound 2.138. 2.138 (140 mg, 79% yield) was synthesized as a white 
solid from 2.79 (210 mg, 0.75 mmol) and para-bromotoluene (140 mg, 
0.79 mmol) using general procedure B for Suzuki cross coupling. This 
reaction was run for 4 hours. Following solvent removal the crude 
material was purified by silica gel chromatography using 5% Et2O in pentane as eluent. A 
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duplicate reaction gave 76% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.63 (dd, 
3JHH = 11.0, 
7.5 Hz, 1H), 7.48 (d, 3JHH = 8.5 Hz, 2H), 7.27 (d, 
3JHH = 8.5 Hz, 2H), 7.24 (br s, 1H), 6.27 
(d, 3JHH = 11.0 Hz, 1H), 6.24 (d, 
3JHH = 7.5 Hz, 1H), 4.01 (t, 
3JHH = 7.0 Hz, 2H), 2.40 (s, 
3H), 1.68 (m, 2H), 1.47 (m, 2H), 0.99 (t, 3JHH = 7.0 Hz, 3H); 
13C NMR (125.8 MHz, 
CD2Cl2): δ 146.4, 144.8, 138.7, 135.2, 129.6, 125.5, 117.4 (br), 103.7, 64.7, 33.9, 20.9, 
19.1, 13.7; 11B NMR (160 MHz, CD2Cl2): δ 29.0; FTIR (ATR): ῦ = 3390, 3319, 3023, 
2956, 2930, 2870, 1606, 1542, 1509, 1453, 1380, 1346, 1295, 1245, 1220, 1187, 1160, 
1118, 1084, 1068, 1044, 1023, 970, 902, 816, 751, 704, 607, 547, 518; HRMS (DART) 
calcd for C15H21NBO [M+1]
+ 242.17162, 242.17081 found. 
Compound 2.139. 2.139 (0.13 g, 70.%) was synthesized as a clear oil 
from 2.79 (0.21 g, 0.75 mmol) and 2-methylbromobenzene (0.14 g, 0.79 
mmol) using general procedure B for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel 
chromatography using 1:9 ether:pentane as eluent. A duplicate reaction gave 68% yield. 
1H NMR (500 MHz, CD2Cl2): δ 7.61 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.28 (m, 4H), 6.94 (br 
s, 1H), 6.25 (d, 3JHH = 11.0 Hz, 1H), 5.91 (d, 
3JHH = 7.5 Hz, 1H), 3.94 (t, 
3JHH = 8.0 Hz, 
2H), 2.33 (s, 3H), 1.64 (m, 2H), 1.45 (m, 2H), 0.96 (t, 3JHH = 8.0 Hz, 3H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 146.6, 146.1, 139.6, 136.2, 131.2, 129.4, 129.0, 126.5, 117.3 
(br), 106.8, 65.2, 34.4, 20.4, 19.7, 14.3; 11B NMR (160 MHz, CD2Cl2): δ 28.8; FTIR (thin 
film): ῦ = 3298, 3024, 2956, 2930, 2871, 1612, 1542, 1484, 1453, 1387, 1299, 1275, 
1242, 1219, 1158, 1119, 1083, 1065, 1039, 970, 940, 848, 818, 749, 726, 624, 595, 542; 
HRMS (DART) calcd for C15H21BNO [M + 1]
+ 242.17162, 242.17189 found 
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2.5.2.11 Cross Coupling Reactions in Table 2.8 
Compound 2.142. 2.142 (120 mg, 63% yield) was synthesized as a 
white solid from 2.79 (210 mg, 0.75 mmol) and para-
bromobenzaldehyde (120 mg, 0.79 mmol) using general procedure C 
for Suzuki cross coupling. Following solvent removal the crude material 
was purified by silica gel chromatography using 20% Et2O in pentane as eluent. A 
duplicate reaction gave 62% yield. 1H NMR (500 MHz, CD2Cl2): δ 10.02 (s, 1H), 7.92 
(d, 3JHH = 8.0 Hz, 2H), 7.73 (d, 
3JHH = 8.0 Hz, 2H), 7.64 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 
7.31 (br s, 1H), 6.40 (d, 3JHH = 11.0 Hz, 1H), 6.33 (d, 
3JHH = 7.5 Hz, 1H), 4.00 (t, 
3JHH = 
8.0 Hz, 2H), 1.66 (m, 2H), 1.45 (m, 2H), 0.97 (t, 3JHH = 8.0 Hz, 3H); 
13C NMR (150 
MHz, CD2Cl2): δ 191.9, 146.7, 143.9, 143.7, 136.7, 130.7, 126.8, 119.1 (br), 106.2, 65.4, 
34.4, 19.6, 14.3; 11B NMR (160 MHz, CD2Cl2): δ 28.9; FTIR (thin film): ῦ = 3313, 2956, 
2931, 2869, 1673, 1603, 1542, 1507, 1457, 1430, 1407, 1395, 1379, 1301, 1282, 1253, 
1231, 1212, 1172, 1158, 1118, 1080, 1066, 1043, 1013, 1001, 839, 824, 804, 741, 720, 
689, 636, 607, 553, 501, 487; HRMS (DART) calcd for C15H19BNO2 [M + 1]
+ 
256.15088, 256.15087 found. 
Compound 2.143. 2.143 (0.14 g, 66%) was synthesized as a clear oil 
from 2.79 (0.21 g, 0.75 mmol) and 4-bromoacetophenone (0.16 g, 0.79 
mmol) using general procedure C for Suzuki cross coupling. Following 
solvent removal the crude material was purified by silica gel 
chromatography using 1:9 ether:pentane as eluent. A duplicate reaction gave 64% yield.  
1H NMR (600 MHz, CD2Cl2): δ 8.00 (dd, 
3JHH = 8.0 Hz, 2H), 7.65 (m, 3H), 7.31 (br s, 
1H), 6.37 (d, 3JHH = 11.0 Hz, 1H), 6.32 (d, 
3JHH = 7.5 Hz, 1H), 4.00 (t, 
3JHH = 8.0 Hz, 2H), 
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2.59 (s, 3H), 1.66 (m, 2H), 1.44 (m, 2H), 0.97 (t, 3JHH = 8.0 Hz, 3H); 
13C NMR (150 
MHz, CD2Cl2): δ 197.6, 146.7, 143.9, 142.6, 137.4, 129.5, 126.4, 119.2 (br), 105.9, 65.3, 
34.4, 27.0, 19.7, 14.3;  11B NMR (160 MHz, CD2Cl2): δ 28.9; FTIR (thin film): ῦ = 3339, 
2956, 2931, 2871, 1679, 1603, 1541, 1506, 1455, 1421, 1385, 1355, 1305, 1264, 1221, 
1187, 1162, 1117, 1075, 1044, 1020, 955, 831, 757, 732, 704, 635, 609, 584; HRMS 
(DART) calcd for C16H21BNO2 [M + 1]
+ 270.16653, 270.16706 found. 
Compound 2.144. 2.144 (110 mg, 61% yield) was synthesized as a 
clear, colorless oil from 2.79 (210 mg, 0.75 mmol) and 2-bromopyridine 
(130 mg, 0.79 mmol) using general procedure C for Suzuki cross 
coupling. Following solvent removal the crude material was purified by silica gel 
chromatography using 20% Et2O in pentane as eluent. A duplicate reaction gave 58% 
yield. 1H NMR (500 MHz, CD2Cl2): δ 9.04 (br s, 1H), 8.62 (d, 
3JHH = 7.0 Hz, 1H), 7.83 
(d, 3JHH = 7.0 Hz, 1H), 7.73 (m, 1H), 7.64 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.25 (m, 1H), 
6.68 (d, 3JHH = 7.5 Hz, 1H), 6.39 (d, 
3JHH = 11.0 Hz, 1H), 4.00 (t, 
3JHH = 8.0 Hz, 2H), 1.69 
(m, 2H), 1.49 (m, 2H), 0.98 (t, 3JHH = 8.0 Hz, 3H); 
13C NMR (125.8 MHz, CD2Cl2): δ 
152.3, 149.4, 146.1, 141.8, 137.4, 123.6, 120.8 (br), 119.8, 103.9, 65.0, 34.5, 19.7, 14.3; 
11B NMR (160 MHz, CD2Cl2): δ 28.8; FTIR (thin film): ῦ = 3342, 2956, 2930, 2870, 
1610, 1591, 1566, 1538, 1441, 1401, 1344, 1305, 1261, 1220, 1166, 1150, 1116, 1076, 
1048, 1027, 992, 972, 936, 846, 748, 696, 627, 590, 568; HRMS (DART) calcd for 
C13H18BN2O [M + 1]
+ 229.15122, 229.15212 found. 
Compound 2.145. 2.145 (72 mg, 42% yield) was synthesized as a 
white solid from 2.79 (210 mg, 0.75 mmol) and 2-
bromopyrimidine (130 mg, 0.79 mmol) using general procedure C 
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for Suzuki cross coupling. Following solvent removal the crude material was purified by 
silica gel chromatography using 15% Et2O in pentane as eluent. A duplicate reaction gave 
40% yield. 1H NMR (600 MHz, CD2Cl2): δ 8.77 (m, 3H), 7.67 (dd, 
3JHH = 11.0, 7.5 Hz, 
1H), 7.27 (d, 3JHH = 7.5 Hz, 1H), 7.21 (t, 
3JHH = 8.0 Hz, 1H), 6.50 (d, 
3JHH = 11.0 Hz, 1H), 
4.01 (t, 3JHH = 8.0 Hz, 2H), 1.68 (m, 2H), 1.46 (m, 2H), 0.98 (t, 
3JHH = 8.0 Hz, 3H); 
13C 
NMR (150 MHz, CD2Cl2): δ 161.1, 157.6, 146.2, 140.6, 122.0, 120.2, 107.2, 65.1, 34.4, 
19.7, 14.3; 11B NMR (192 MHz, CD2Cl2): δ 28.9; FTIR (thin film): ῦ = 3363, 2957, 2931, 
2871, 1613, 1567, 1542, 1444, 1413, 1340, 1314, 1261, 1226, 1159, 1145, 1117, 1101, 
1073, 1046, 1028, 974, 954, 815, 799, 751, 711, 676, 636, 603, 568, 551; HRMS 
(DART) calcd for C13H18BN2O [M + 1]
+ 230.14647, 230.14559 found. 
2.5.2.12 Reactions in Scheme 2.31 
Compound 2.146. 2.146  (92 mg, 66% yield) was synthesized as a clear, 
yellow oil from 2.138 (180 mg, 0.73 mmol) and ethynylmagnesium bromide 
(3.5 mL 0.5M solution/THF, 1.7 mmol). Inside a dry box a round bottom 
flask was charged with 2.138, a magnetic stir bar, and 4 mL Et2O. The flask 
was taken to a fume hood and placed under nitrogen and cooled to 0 °C. The 
ethynylmagnesium bromide solution was added dropwise over 5 minutes and the reaction 
was stirred at 0 °C for 30 minutes and then allowed to warm to room temperature. The 
boron displacement reaction was judged to be complete by 11B NMR of an aliquot. The 
reaction was taken back into the dry box and chilled in the dry box freezer to –30 °C. 
Solid triethylamine hydrochloride (240 mg, 1.74 mmol) was added to the chilled reaction 
in ca. 50 mg portions and the reaction was stirred at room temperature for 30 minutes. 
The reaction was concentrated under reduced pressure and the crude material was 
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purified by silica gel chromatography using 5% Et2O in pentane as eluent. 
1H NMR (600 
MHz, CD2Cl2): δ 8.59 (br s, 1H), 7.81 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.50 (d, 
3JHH = 8.0 
Hz, 2H), 7.30 (d, 3JHH = 8.0 Hz, 2H), 6.88 (d, 
3JHH = 11.0 Hz, 1H), 6.72 (d, 
3JHH = 7.5 Hz, 
1H), 2.95 (s, 1H), 2.42 (s, 3H); 13C NMR (150 MHz, CD2Cl2): δ 146.0, 145.8, 139.9, 
135.0, 130.4, 130.0 (br), 126.4, 110.3, 92.8, 89.7 (br), 21.5; 11B NMR (160 MHz, 
CD2Cl2): δ 25.7; FTIR (thin film): ῦ = 3375, 3277, 3025, 2063, 1602, 1542, 1509, 1446, 
1368, 1341, 1310, 1286, 1213, 1188, 1164, 1145, 1120, 1072, 1025, 942, 868, 820, 761, 
662, 603, 550, 521, 469, 413; HRMS (DART) calcd for C13H18BN2O [M + 1]
+ 
194.11410, 194.11445 found. 
Compound 2.147. 2.147 (55 mg, 63% yield) was synthesized as a crystalline 
white solid from 2.144 (130 mg, 0.56 mmol) and lithium aluminum hydride 
(LAH) (0.31 mL 1.0M solution/Et2O, 0.31 mmol). In a dry box a 20 mL 
scintillation vial was charged with 2.144, a magnetic stir bar, and 3 mL Et2O. The vial 
was sealed and removed from the dry box to a fume hood and placed under nitrogen and 
stirring. The reaction was cooled to –78 °C and the LAH solution was added over 10 
minutes with no visible reaction. The reaction was stirred at –78 °C for 30 minutes then 
allowed to warm to –5 °C on an ice/brine bath, at which point bubbling was evident in 
the vial and the reaction turned from colorless to dark orange. The reaction was stirred at 
–5 °C for 30 minutes. The reaction was cooled back down to –78 °C and HCl solution 
(0.31 mL, 2.0M / Et2O, 0.62 mmol) was added over 5 minutes. The reaction turned from 
dark orange to very light yellow after addition of the HCl. The reaction was allowed to 
warm to room temperature immediately following HCl addition and the reaction was 
concentrated under reduced pressure. The crude material was taken back into the dry box 
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and purified by silica gel chromatography using 5% Et2O in pentane as eluent. Single 
crystals suitable for x-ray diffraction were obtained by slow evaporation from a 
concentrated Et2O solution. 
1H NMR (500 MHz, CD2Cl2): δ 10.4 (s, 1H), 8.66 (d, 
3JHH = 
7.0 Hz, 1H), 7.88 (t, 3JHH = 7.0 Hz, 1H), 7.79 (m, 2H), 7.29 (t, 
3JHH = 7.5 Hz, 1H), 7.14 
(d, 3JHH = 7.5 Hz, 1H), 7.03 (d, 
3JHH = 11.0 Hz, 1H), 5.04 (q, 
3JHH = 120 Hz, 1H); 
13C 
NMR (150 MHz, CD2Cl2): δ 152.1, 149.6, 144.5, 141.8, 137.7, 132.5 (br), 123.9, 119.8, 
109.4; 11B NMR (192 MHz, CD2Cl2): δ 31.4 (d, JBH = 120 Hz); FTIR (thin film): ῦ = 
3335, 2531, 2512, 2453, 1605, 1585, 1562, 1529, 1464, 1441, 1427, 1387, 1344, 1287, 
1238, 1150, 1108, 1054, 1027, 989, 904, 890, 867, 790, 743, 717, 683, 626, 605, 570, 
430; HRMS (DART) calcd for C9H10BN2 [M + 1]
+ 157.09370, 157.09349 found. 
2.5.2.13 Reactions in Scheme 2.32 
Compound 2.148. 2.148 (0.28 g, 70%) was synthesized as a white solid 
from 2.87 (0.32 g, 1.0 mmol) and Br2 (0.17 g, 1.0 mmol). A scintillation 
vial was charged with a stir bar, 2.87, and 5 mL CH2Cl2 and was chilled to 
–20 °C. Br2 was dissolved in 4 mL CH2Cl2 and chilled to –20 °C. The solution of Br2 was 
added dropwise to the chilled solution of 2.87 and the resulting yellow solution was left 
in the dry box freezer at –20 °C for one hour, then stirred at room temperature for 12 
hours. The reaction was removed from the dry box and concentrated under reduced 
pressure. The resulting crude solid was purified by silica gel chromatography using 1:9 
ether:hexanes as eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.51 (br s, 1H), 8.00 (d, 
3JHH = 
7.5 Hz, 1H), 6.86 (s, 2H), 6.81 (d, 3JHH = 7.5 Hz, 1H), 2.30 (s, 3H), 2.11(s, 6H), 1.32 (s, 
12H); 13C NMR (125.8 MHz, CD2Cl2): δ 144.1, 139.8, 137.5, 126.8, 119.3, 85.0, 65.6, 
24.6, 22.1, 20.9 (C6- and mesityl-carbon signals not observed); 11B NMR (96 MHz, 
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CD2Cl2): δ 35.6, 28.7; FTIR (thin film): ῦ = 3400-3300, 3100-2900, 1624, 1400, 1363, 
1327, 1180, 1016, 900, 881, 800, 615; HRMS (EI) calcd for C19H26NB2O2Br [M]
+ 
401.13329, 401.13417 found. 
Compound 2.149. 2.149  (0.027 g, 55%) was synthesized as a yellow oil 
from 2.87 (0.080 g, 0.25 mmol) and CuBr2. Inside a N2 drybox a 50 mL 
pressure vessel was charged with a stir bar, CuBr2 (0.18 g, 0.82 mmol), and 
5 mL water to produce a blue solution. To this solution was added 2.87 in 5 mL 
isopropanol. The resulting light green solution was allowed to stir at 80 °C for 6 hours. 
The solution was poured into a separatory funnel and extracted with 3x10 mL hexanes. 
The organic layer was collected, washed with brine, dried over MgSO4, and concentrated 
under reduced pressure. The crude material was purified by silica gel chromatography 
using 97:3 hexanes:ether as eluent. 1H NMR (300 MHz, CD2Cl2): δ 8.07 (br s, 1H), 7.58 
(dd, 3JHH = 10.8, 7.2 Hz, 1H), 6.85 (s, 2H), 6.80 (d, 
3JHH = 11.1 Hz), 6.55 (d, 
3JHH = 6.3 
Hz), 2.28 (s, 3H), 2.16 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 145.3, 139.8, 138.0, 
129.4 (br), 127.1, 122.8, 113.2, 22.7, 20.8 (mesityl C-signal not observed); 11B NMR (96 
MHz, CD2Cl2): δ 37.0; FTIR (thin film): ῦ = 3450-3350, 3100-2850, 1603, 1510, 1441, 
1038, 1020, 924, 862, 770, 720; HRMS (EI) calcd for C13H15BBrN [M]
+ 275.04809, 
275.04883 found. 
Compound 2.150. 2.150  (0.021 g, 51%) was synthesized as a white solid 
from 2.87 (0.034 g, 0.11 mmol) and 2.149 (0.029 g, 0.11 mmol) using 
general procedure A for Suzuki cross coupling. Following solvent removal 
the crude material was purified by silica gel chromatography using 1:10 
ether:pentane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.26 (br s, 1H), 7.82 (dd, 
3JHH = 
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11.0, 7.0 Hz, 1H), 6.94 (d, 3JHH = 11.0 Hz, 1H), 6.89 (s, 3H), 6.69 (d, 
3JHH = 7 Hz, 1H), 
2.32 (s, 3H), 2.22 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 143.8, 141.7, 139.9, 137.8, 
132.1 (br), 127.1, 107.2, 22.3, 20.8 (mesityl C-signal not observed); 11B NMR (96 MHz, 
CD2Cl2): δ 36.1; FTIR (thin film): ῦ = 3400, 3100-2900, 1621, 1614, 1553, 1468, 1013, 
894, 785; HRMS (EI) calcd for C26H30N2B2 [M]
+ 392.25951, 392.26054 found. 
2.5.2.14 Reactions in Scheme 2.33 
Compound 2.151 2.151 was synthesized as a clear oil from a mixture 
of C4-B(pin) 2.90a and C5-B(pin) 2.90b (0.63 g, 1.4 mmol and 0.68 
g, 1.6 mmol respectively) and N-methylmorpholine N-oxide (NMO) (0.42 g, 3.6 mmol). 
Inside a nitrogen atmosphere dry box the mixture of C4/C5 2.90a/2.90b was dissolved in 
10 mL CH2Cl2 and solid NMO was added to the solution. The reaction was allowed to 
stir at room temperature for 16 hours. The reaction was transferred to a fume hood and 
extracted with 3x15 mL ether. The combined organic phases were dried over MgSO4, and 
the reaction was passed through a fritted funnel to remove salts. The filtrate was 
concentrated under reduced pressure and the crude material was purified by silica gel 
chromatography using 1:9 ether:pentane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.47 
(d, 3JHH = 7.5 Hz, 1H), 6.82 (s, 2H), 6.10 (m, 2H), 5.49 (d, 
3JHH = 3.0 Hz, 1H), 2.32 (s, 
3H), 2.15 (s, 6H), 0.97 (s, 9H), 0.04 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 166.3, 
142.7, 139.4, 136.8, 127.4, 105.5, 27.9, 23.8, 21.6, 19.8, -2.9 (C-3 and mesityl C-signal 
not observed); 11B NMR (160 MHz, CD2Cl2): δ 40.9; FTIR (thin film): ῦ = 3390, 2959, 
2929, 2857, 1613, 1530, 1465, 1390, 1374, 1362, 1292, 1258, 1211, 1164, 1131, 1088, 
986, 946, 864, 836, 819, 808, 783, 734, 707, 680, 646, 610, 568, 556; HRMS (DART) 
calcd for C19H31BNOSi [M + 1]
+ 328.22680, 328.22734 found. 
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Compound 2.90b. 2.90b (0.61 g, 90%) Unreacted 2.90b was 
recovered as a clear colorless oil from the above reaction. 1H NMR 
(500 MHz, CD2Cl2): δ 8.13 (s, 1H), 7.90 (d, 
3JHH = 11.0 Hz, 1H), 6.84 (s, 2H), 6.62 (d, 
3JHH = 11.0 Hz, 1H), 2.34 (s, 6H), 2.14 (s, 6H), 1.37 (s, 12H), 0.99 (s, 9H), 0.10 (s, 6H); 
13C NMR (125.8 MHz, CD2Cl2): δ 148.9, 147.3, 142.6 (br), 139.2, 137.0, 131.7 (br), 
127.6, 83.9, 27.9, 25.4, 23.9, 21.7, 19.8, -2.8 (mesityl B-C signal not observed); 11B 
NMR (160 MHz, CD2Cl2): δ 40.5, 30.8; FTIR (thin film): ῦ = 2976, 2930, 2859, 1602, 
1494, 1471, 1445, 1404, 1373, 1350, 1303, 1256, 1214, 1143, 1125, 1110, 1011, 972, 
961, 932, 861, 838, 825, 807, 784, 725, 715, 680, 665, 579, 566, 421; HRMS (DART) 
calcd for C25H42B2NO2Si [M + 1]
+ 438.31709, 438.31878 found. 
Compound 2.153. 2.153 (0.32 g, 88%) was synthesized as a 
white solid from 2.90b (0.35 g, 0.80 mmol) and 1-bromo-4-
(trifluoromethyl)benzene (0.24 g, 0.88 mmol) using general 
procedure A for Suzuki cross coupling. Following solvent removal the crude material 
was purified by silica gel chromatography using 1:15 ether:pentane as eluent.. 1H NMR 
(500 MHz, CD2Cl2): δ 7.99 (d, 
3JHH = 11.0 Hz, 1H), 7.90 (s, 1H), 7.77 (d, 
3JHH = 8.5 Hz, 
2H), 7.72 (d, 3JHH = 8.5 Hz, 2H), 6.92 (s, 2H), 6.86 (d, 
3JHH = 11.0 Hz, 1H), 2.39 (s, 3H), 
2.24 (s, 6H), 1.07 (s, 9H), 0.18 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 145.3, 143.4, 
142.1 (br), 139.5, 138.8, 137.4, 133.7 (br), 128.8 (q, 2JCF = 32.5 Hz), 128.2 (q, 
1JCF = 272 
Hz), 127.7, 127.3, 126.5 (q, 3JCF = 4.0 Hz), 124.5, 28.1, 24.1, 21.7, 19.9, -2.4; 
11B NMR 
(160 MHz, CD2Cl2): δ ; FTIR (thin film): ῦ = 2959, 2931, 2859, 1611, 1494, 1472, 1448, 
1405, 1361, 1323, 1296, 1258, 1218, 1163, 1122, 1069, 1013, 999, 969, 932, 839, 820, 
232
807, 794, 783, 755, 742, 734, 709, 685, 629, 602, 563, 528, 509, 487, 448, 429; HRMS 
(DART) calcd for C26H34BNSiF3 [M + 1]
+ 456.25057, 456.25145 found. 
Compound 2.154. 2.154 (0.20 g, 81%) was synthesized as a 
white solid from 2.153 (0.32 g, 0.71 mmol) and TBAF (0.71 
mL, 0.71 mmol, 1 M in THF). Inside a nitrogen atmosphere 
dry box, TBAF was added to a solution of 2.153 in 5 mL THF at room temperature. The 
reaction was allowed to stir for 10 minutes. The reaction was transferred to a fume hood 
and extracted three times with ether/water. The organic phases were combined and dried 
over MgSO4. The solids were removed by filtration and the filtrate was concentrated 
under reduced pressure. Inside the dry box the crude material was purified by silica gel 
chromatography using 1:10 ether:pentane as eluent. 
. 1H NMR (500 MHz, CD2Cl2): δ 8.09 (m, 2H), 7.73 (m, 3H), 7.67 (d, 
3JHH = 8.5 Hz, 2H), 
7.05 (d, 3JHH = 11.0 Hz, 1H), 6.95 (s, 2H), 2.37 (s, 3H), 2.25 (s, 6H); 
13C NMR (125.8 
MHz, CD2Cl2): δ 144.2, 140.7, 138.2 (br), 138.0, 133.8, 132.4 (br), 129.2 (q, 
2JCF = 31.5 
Hz), 128.4 (q, 1JCF = 270 Hz), 128.1, 127.9, 127.2, 126.4 (q, 
3JCF = 3.9 Hz), 123.6, 23.5, 
21.6; 11B NMR (160 MHz, CD2Cl2): δ ; FTIR (thin film): ῦ = 3347, 2919, 2857, 1612, 
1531, 1452, 1409, 1377, 1322, 1279, 1231, 1161, 1109, 1068, 1007, 978, 949, 928, 842, 
807, 787, 739, 715, 698, 664, 602, 557, 549, 524, 503, 473, 448, 418; HRMS (DART) 
calcd for C20H20BF3N [M + 1]
+ 342.16409, 342.16398 found. 
2.5.2.15 Reactions in Scheme 2.34 
Compound 2.160. 2.160 (0.061 g, 47%) was synthesized as a white 
solid from 2.129 (0.053 g, 0.31 mmol) and dimesitylboron fluoride 
(100 mg, 0.37 mmol). A 5 mL round bottom flask was charged with 
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2.129 and 2 mL THF-d8 and cooled to –78 °C under nitrogen. N-butyllithium (130 uL, 
2.5M/hex, 0.33 mmol) was added dropwise over the course of 5 minutes and the reaction 
was stirred for 20 minutes at –78 °C. The reaction was then allowed to warm to room 
temperature and was transferred into a dry box. A proton NMR was taken at this point to 
confirm quantitative deprotonation. The reaction was then cooled to –30 °C in the dry 
box freezer. Dimesitylboron fluoride dissolved in 0.5 mL THF-d8 was added to the 
cooled solution and the reaction was stirred for 12 hours at room temperature. The 
reaction was concentrated under reduced pressure and the crude material was purified by 
silica gel chromatography using 40% Et2O in pentane as eluent. 
1H NMR (500 MHz, 
THF-d8): δ 8.83 (d, 3JHH = 6.0 Hz, 1H), 8.11 (d, 
3JHH = 8.0 Hz, 1H), 8.00 (td, 
3JHH = 7.5, 
1.5 Hz, 1H), 7.53 (dd, 3JHH = 11.0, 6.0 Hz, 1H), 7.36 (td, 
3JHH = 7.5, 1.5 Hz, 1H), 7.21 
(dd, 3JHH = 6.0, 1.5 Hz, 1H), 2.11 (s, 6H), 1.91 (s, 12H), 0.50 (s, 3H); 
13C NMR (125 
MHz, THF-d8): δ 154.4, 145.3, 144.5 (br), 143.0, 142.6, 142.0, 141.4, 137.1 (br), 135.2, 
131.3, 124.5, 120.2, 108.4, 24.9, 21.0, 5.2 (br); 11B NMR (160 MHz, THF-d8): δ 39.3, 
7.5; FTIR (ATR): ῦ = 3017, 2964, 2935, 2913, 1621, 1603, 1567, 1483, 1461, 1411, 
1373, 1322, 1299, 1234, 1185, 1171, 1146, 1127, 1115, 1088, 1071, 1036, 1018, 884, 
843, 825, 784, 761, 735, 709, 690, 647, 609, 558, 534, 457; HRMS (DART) calcd for 
C28H33B2N2 [M + 1]
+ 419.28298, 419.28379 found.  
Compound 2.162. 2.162 (1.3 g, 84%) was synthesized as a colorless oil from 
2.161138  (1.5 g, 5.1 mmol) and B2(pin)2 (1.3 g, 5.1 mmol). Inside a nitrogen 
atmosphere dry box a round bottom flask was charged with these two 
reagents in addition to potassium acetate (1.5 g, 15 mmol) and Pd(dppf)Cl2 (0.19 g, 0.25 
mmol). 60 mL degassed, anhydrous DMSO was added and the reaction was transferred to 
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a fume hood and fitted with a reflux condenser attached to a nitrogen line. The reaction 
was heated at 110 °C and allowed to stir for 3 hours under nitrogen. After cooling to 
room temperature, 150 mL water was added and the reaction mixture was extracted with 
Et2O (3 x 50 mL). The organic layers were combined, washed with brine, dried over 
Mg2SO4, and concentrated under reduced pressure to yield a red-purple oil. The crude 
material was purified by silica gel chromatography using 20% Et2O in hexanes as eluent. 
1H NMR (500 MHz, CD2Cl2): δ 7.36 (d, 
3JHH = 6.0 Hz, 1H), 7.29 (d, 
3JHH = 6.0 Hz, 1H), 
7.21 (t, 3JHH = 6.0 Hz, 1H), 2.41 (s, 3H), 1.37 (s, 12 H); 
13C NMR (MHz,): δ 138.6, 133.9, 
133.2, 130.4, 127.1, 84.8, 25.2, 24.0; 11B NMR (160 MHz, CD2Cl2): δ 30.9; FTIR (ATR): 
ῦ = 2977, 1590, 1567, 1469, 1444, 1389, 1379, 1371, 1350, 1310, 1270, 1240, 1213, 
1184, 1165, 1136, 1110, 1091, 1021, 1006, 963, 887, 850, 781, 725, 690, 663, 578, 551, 
520, 492, 422; HRMS (DART) calcd for C13H19BBrO2 [M + H]
+ 297.06615, 297.06758 
found. 
Compound 2.164. 2.164 (0.16 g, 50%) was synthesized as a white solid 
from A-2 (0.40 g, 1.4 mmol) and 2-iodopyridine (0.33 g, 1.6 mmol). Yields 
were lower when 2-bromopyridine was used instead. Inside a nitrogen 
atmosphere dry box a 15 mL pressure vessel was charged with these reagents as well as 
Pd(dppf)Cl2 (0.07 g, 0.09 mmol), KOH (0.38 g, 6.7 mmol), 5 mL MTBE and 1 mL 
degassed water. The reaction was sealed and heated at 80 °C and allowed to stir for 6 
hours. After cooling to room temperature the organic phase was separated using a Pasteur 
pipet. The aqueous layer was further washed with 3 mL Et2O which was also separated 
using a Pasteur pipet and combined with the MTBE layer. The combined organic layers 
were concentrated under reduced pressure and the crude organic material was purified by 
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silica gel chromatography using 20% Et2O in hexanes as eluent. 
1H NMR (500 MHz, 
CD2Cl2): δ 8.67 (d, 
3JHH = 5.0 Hz, 1H), 7.76 (t, 
3JHH = 9.5 Hz, 1H), 7.51 (d, 
3JHH = 7.5 Hz, 
1H), 7.29 (m, 4H), 2.50 (s, 3H); 13C NMR (125 MHz, CD2Cl2): δ 159.9, 149.8, 142.8, 
139.5, 136.2, 131.1, 129.2, 127.5, 125.2, 124.8, 122.8, 24.3; FTIR (ATR): ῦ = 3047, 
3008, 2953, 2919, 2850, 1585, 1563, 1474, 1456, 1426, 1397, 1378, 1306, 1284, 1259, 
1172, 1148, 1086, 1023, 865, 795, 770, 743, 655, 621, 558; HRMS (DART) calcd for 
C12H11BrN [M + H]
+ 248.00749, 248.00831 found. 
Compound 2.165. 2.165 (0.059 g, 73%) was synthesized as a white 
solid from 2.164 (0.048 g, 0.19 mmol) and dimesitylboron fluoride 
(0.062 g, 0.23 mmol). 2.164 was dissolved in 1 mL anhydrous, degassed 
THF and the reaction was cooled to –78 °C under nitrogen. To the stirred reaction was 
added dropwise via syringe n-butyllithium (85 uL, 2.5M/hexanes, 0.21 mmol). The 
reaction was stirred at –78 °C for 5 minutes changing from a colorless solution to a 
yellow solution. Dimesitylboron fluoride dissolved in 0.5 mL THF was added at this 
point quickly via syringe. The reaction was wrapped in aluminum foil and stirred 
overnight, allowing the reaction to gradually warm to room temperature. After this period 
the reaction was concentrated under reduced pressure and the crude organic material was 
purified by silica gel chromatography inside a nitrogen atmosphere dry box using 10% 
Et2O in pentane as eluent. 
 1H NMR (500 MHz, THF-d8): δ 8.77 (d, 3JHH = 6.0 Hz, 1H), 
8.11 (d, 3JHH = 8.5 Hz, 1H), 7.99 (t, 
3JHH = 8.5 Hz, 1H), 7.81 (d, 
3JHH = 8.0 Hz, 1H), 7.26 
(t, 3JHH = 8.0 Hz, 1H), 7.19 (t, 
3JHH = 8.5 Hz, 1H), 7.05 (d, 
3JHH = 8.5 Hz, 1H), 6.57 (s, 
4H), 2.23 (s, 3H), 2.10 (s, 6H), 1.80 (s, 12H) ; 13C NMR (126 MHz, THF-d): δ 163.6 (br), 
160.0, 145.8, 145.6 (br), 142.5, 141.9, 141.5, 138.3, 134.3, 134.0, 131.0, 126.9, 122.9, 
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120.1, 119.3, 25.7, 23.1, 21.0; 11B NMR (160 MHz, THF-d8): δ 5.2; FTIR (ATR): ῦ = 
3011, 2916, 2853, 1614, 1567, 1556, 1486, 1469, 1443, 1370, 1328, 1272, 1259, 1231, 
1160, 1131, 1101, 1056, 1016, 988, 872, 832, 803, 758, 749, 717, 694, 651, 627, 579, 
564, 528, 492, 454; HRMS (DART) calcd for C30H33BN [M + H]
+ 418.27060, 418.27197 
found. 
2.5.2.16 Reaction in Scheme 2.35 
Compound 2.167. 2.167 (0.040 g, 47%) was synthesized as a white solid 
from 2.129 (0.066 g, 0.39 mmol) and borontrifluoride ethyl etherate (0.047 
mL, 0.43 mmol). A 20 mL scintillation vial was charged with 2.129 and 2 
mL THF and cooled to –78 °C under nitrogen. N-butyllithium (160 µL, 0.41 mmol, 2.5 
M in hexane) was added dropwise over the course of 2 minutes and the reaction was 
allowed to stir for 20 minutes at –78 °C. The reaction was then allowed to warm to room 
temperature and was transferred to a nitrogen atmosphere dry box. The reaction was then 
cooled to –30 °C in the dry box freezer. Borontrifluoride ethyl etherate dissolved in 0.5 
mL THF was quickly added to the cooled solution and the reaction was allowed to stir for 
12 hours at room temperature. The reaction was concentrated under reduced pressure and 
the crude material was purified by silica gel chromatography using 1:9 
pentane:dichloromethane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.52 (d, 
3JHH = 6.0 
Hz, 1H), 8.17 (t, 3JHH = 8.0 Hz, 1H), 7.93 (d, 
3JHH = 8.0 Hz, 1H), 7.59 (m, 2H), 6.94 (m, 
2H), 0.83 (s, 3H); 13C NMR (125 MHz, CD2Cl2): δ  152.1, 144.2, 142.2, 140.9, 139.6, 
138.0 (br), 124.9, 119.3, 108.4, 1.8 (br); 11B NMR (160 MHz, CD2Cl2): δ 38.8, 6.5; FTIR 
(ATR): ῦ = 3128, 3077, 3031, 3000, 2959, 2922, 1628, 1612, 1571, 1506, 1485, 1461, 
1414, 1381, 1329, 1303, 1263, 1194, 1174, 1159, 1143, 1098, 1078, 1045, 1035, 989, 
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893, 859, 815, 787, 767, 714, 690, 679, 618, 584, 541, 524, 462, 436; HRMS (DART) 
calcd for C10H11B2N2F2 [M + H]
+ 219.10764, 219.10716 found. 
2.5.2.17 TD-DFT Calculations 
Time-dependent density functional theory (TD-DFT) calculations139,140 were done for 
structures 2.165 and 2.160 in the gas phase at the B3LYP/DZVP2 level. The calculations 
show that the initial absorption for 2.165 is predicted to be at shorter wavelengths than 
for 2.160, consistent with experiment. The lowest energy absorption feature for both 
2.165 and 2.160 are predicted to consist of a number of transitions. For 2.165, the two 
transitions are at 317 nm (f=0.096) and 279 nm (f=0.127) in good agreement with 
experiment. The 317 nm transition is mostly from the HOMO-5 to the LUMO. This 
transition is from a benzene π orbital on the ‘bipyridyl’ portion (derived from the benzene 
e pair) to a π* orbital on the pyridine with a component on N. The 279 nm transition is 
mostly from the same HOMO-5 to the LUMO+1, the other π* orbital on the pyridine 
with no N component. There are more transitions for 2.160: 366 nm (f=0.097), 300 nm 
(f=0.113), and 256 nm (f=0.073). These absorption transitions for 2.160 are also in good 
agreement with the experimental data. The most intense transition for 2.160 at 366 nm is 
from HOMO to the LUMO+1. This transition is from a 1,2-azaborine derived π orbital 
(HOMO) to a π* orbital on the pyridine with a very small component on N (LUMO+1); 
thus LUMO+1 on 2.160 is similar to the LUMO+1 in 2.165. The transition at 300 nm is 
the HOMO-5 to LUMO transition. The HOMO-5 is a π orbital on the ring containing the 
B-N with some component from the external B and the LUMO is like that in 2.165. The 
                                                          
139 Bauernschmitt, R.; Ahlrichs, R. Chem. Phys. Lett. 1996, 256, 454-464. 
140 Casida, M. E.; Jamorski, C.; Casida, K. C.;  Salahub, D. R. J. Chem. Phys. 1998, 108, 4439-4449. 
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transition at 256 nm is mostly from HOMO to LUMO+2. The LUMO+2 is π* orbital 
which involves ring containing the B-N. 
 
Table S1. Gas Phase TD-DFT results at the B3LYP/DZVP2 Level for Structures 
2.165 and 2.160 
 
Structure 2.165 
Excited State   3:      Singlet-A      2.9648 eV  418.19 nm  f=0.0041   
     112 ->113         0.70165 
Excited State   5:      Singlet-A      3.1229 eV  397.02 nm  f=0.0140   
     110 ->113         0.10185 
     111 ->113         0.69571 
Excited State   7:      Singlet-A      3.2262 eV  384.31 nm  f=0.0024   
     110 ->113         0.69345 
Excited State   9:      Singlet-A      3.3317 eV  372.13 nm  f=0.0050   
     109 ->113         0.70105 
Excited State  13:      Singlet-A      3.5008 eV  354.16 nm  f=0.0030   
     112 ->114         0.70009 
Excited State  16:      Singlet-A      3.6347 eV  341.12 nm  f=0.0025   
     107 ->113        -0.10224 
     110 ->114         0.10026 
     111 ->114         0.68296 
Excited State  18:      Singlet-A      3.6692 eV  337.90 nm  f=0.0374   
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     108 ->113         0.68356 
     110 ->114         0.11372 
Excited State  20:      Singlet-A      3.7502 eV  330.60 nm  f=0.0067   
     108 ->113        -0.10374 
     110 ->114         0.68126 
     111 ->114        -0.11772 
Excited State  22:      Singlet-A      3.8428 eV  322.64 nm  f=0.0058   
     107 ->113        -0.23203 
     109 ->114         0.65780 
 
Excited State  24:      Singlet-A      3.9142 eV  316.76 nm  f=0.0961   
     107 ->113         0.62409 
     107 ->114        -0.13852 
     108 ->114         0.10419 
     109 ->114         0.23589 
Excited State  26:      Singlet-A      4.1788 eV  296.70 nm  f=0.0348   
     107 ->114         0.10035 
     107 ->115         0.10537 
     108 ->114         0.67926 
Excited State  32:      Singlet-A      4.4460 eV  278.87 nm  f=0.1267       
     106 ->113         0.23935 
     107 ->113         0.13464 
     107 ->114         0.63548 
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Structure 2.160 
 
Excited State   3:      Singlet-B      2.8957 eV  428.17 nm  f=0.0475   
     110 ->113        -0.15992 
     111 ->113        -0.38026 
     112 ->113         0.54860 
     112 ->114         0.12675 
Excited State   6:      Singlet-B      2.9671 eV  417.86 nm  f=0.0237   
     110 ->113         0.52416 
     111 ->113         0.30183 
     112 ->113         0.31082 
     112 ->114         0.16100 
Excited State   7:      Singlet-B      2.9944 eV  414.05 nm  f=0.0251   
     109 ->113         0.23435 
     110 ->113        -0.39940 
     111 ->113         0.48370 
     112 ->113         0.20015 
Excited State   9:      Singlet-B      3.0615 eV  404.98 nm  f=0.0010   
     109 ->113         0.65846 
     110 ->113         0.18924 
     111 ->113        -0.14869 
Excited State  11:      Singlet-B      3.1878 eV  388.93 nm  f=0.0102   
     108 ->113         0.67205 
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     112 ->114        -0.18920 
 Excited State  13:      Singlet-B      3.3889 eV  365.86 nm  f=0.0972   
     108 ->113         0.15885 
     111 ->114        -0.15418 
     112 ->113        -0.21175 
     112 ->114         0.62012 
Excited State  14:      Singlet-B      3.4723 eV  357.07 nm  f=0.0141   
     110 ->114         0.49879 
     111 ->114         0.47143 
     112 ->114         0.13662 
Excited State  17:      Singlet-B      3.5221 eV  352.02 nm  f=0.0082   
     109 ->114         0.17052 
     110 ->114        -0.46944 
     111 ->114         0.48877 
Excited State  19:      Singlet-B      3.5930 eV  345.07 nm  f=0.0033   
     109 ->114         0.67620 
     110 ->114         0.14669 
Excited State  23:      Singlet-B      3.7098 eV  334.21 nm  f=0.0091   
     108 ->114         0.69525 
Excited State  26:      Singlet-B      4.1331 eV  299.98 nm  f=0.1131   
     107 ->113         0.68686 
Excited State  39:      Singlet-B      4.8462 eV  255.84 nm  f=0.0728   
     103 ->113         0.15795 
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     104 ->113        -0.16234 
     105 ->113        -0.12171 
     105 ->114         0.10035 
     107 ->114        -0.22033 
     112 ->115         0.55255 
2.5.1.18 Reaction in Scheme 2.36 
Compound 2.170. 2.170 (0.079 g, 76% over three steps) was 
synthesized as an orange solid from 2.129 (0.050 g, 0.18mmol). 
Inside a nitrogen atmosphere dry box, 2.129 was dissolved in 1 
mL THF-d8. Solid Me2[Pt(Me2S)]2 2.168 (0.054 g, 0.095 mmol) was added and the 
reaction was allowed to stir at room temperature for 21 hours. At this point 1H and 11B 
spectra confirmed quantitative formation of the Pt adduct. The solution was transferred to 
a fume hood and triflic acid (0.028 g, 0.18 mmol) was added under nitrogen. Bubbling of 
the reaction was immediately observed. 1H and 11B spectra confirmed quantitative 
conversion of to the Pt-triflate. The reaction was taken back into a dry box and the 
reaction was concentrated under reduced pressure. The crude material was redissolved in 
anhydrous methanol and sodium acetylacetonate (0.045 g, 0.36 mmol) was added in 1 
mL methanol. The reaction was allowed to stir for 16 hours, after which time the reaction 
was concentrated under reduced pressure. The crude material was purified by silica gel 
chromatography using 1:2 ether:pentane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.95 
(d, 3JHH = 6.0 Hz, 1H), 7.99 (d, 
3JHH = 11.5 Hz, 1H), 7.85 (br s, 1H), 7.81 (t, 
3JHH = 7.0 
Hz, 1H), 7.17 (d, 3JHH = 7.0 Hz, 1H), 7.08 (t, 
3JHH = 6.0 Hz, 1H), 6.89 (m, 3H), 5.15 (s, 
1H), 2.23 (s, 3H), 2.20 (s, 6H), 2.00 (s, 3H), 1.98 (s, 3H); 13C NMR (125.8 MHz, 
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CD2Cl2): δ 186.2, 184.4, 164.3, 148.3, 147.9, 144.4, 140.7, 139.3 (br), 139.0, 137.5, 
133.4 (br), 127.6, 122.4, 121.7, 117.5, 103.0, 28.6, 27.4, 23.6, 21.5; 11B NMR (160 MHz, 
CD2Cl2): δ 34.7; FTIR (thin film): ῦ = 3384, 3012, 2918, 2856, 1605, 1569, 1542, 1522, 
1471, 1433, 1385, 1370, 1327, 1303, 1290, 1272, 1236, 1219, 1197, 1152, 1128, 1066, 
998, 963, 934, 847, 808, 777, 745, 721, 709, 695, 654, 626, 606, 564, 503, 454, 432; 
HRMS (DART) calcd for C23H26N2O2PtB [M+1]
+ 568.17351, 568.17446 found. 
2.5.3 Crystal Structure Data 
 
 
  Table 1.  Crystal data and structure refinement for C19H27B2NO2. 
Identification code  C19H27B2NO2 
Empirical formula  C19 H27 B2 N O2 
Formula weight  323.03 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21/c 
Unit cell dimensions a = 8.6392(16) Å = 90°. 
 b = 8.0398(15) Å = 98.652(3)°. 
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 c = 28.123(5) Å  = 90°. 
Volume 1931.1(6) Å3 
Z 4 
Density (calculated) 1.111 Mg/m3 
Absorption coefficient 0.069 mm-1 
F(000) 696 
Crystal size 0.200 x 0.080 x 0.060 mm3 
Theta range for data collection 1.465 to 28.297°. 
Index ranges -11<=h<=11, -10<=k<=10, -37<=l<=37 
Reflections collected 32343 
Independent reflections 4804 [R(int) = 0.0273] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7457 and 0.7117 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4804 / 1 / 227 
Goodness-of-fit on F2 1.112 
Final R indices [I>2sigma(I)] R1 = 0.0543, wR2 = 0.1413 
R indices (all data) R1 = 0.0589, wR2 = 0.1446 
Extinction coefficient na 
Largest diff. peak and hole 0.469 and -0.285 e.Å-3 
 
 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for C19H27B2NO2.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
O(1) 9009(1) 2115(1) 2654(1) 25(1) 
O(2) 6680(1) 3479(1) 2665(1) 24(1) 
N(1) 7338(1) 4222(1) 3664(1) 18(1) 
B(1) 7418(2) 4664(2) 4158(1) 15(1) 
B(2) 8040(2) 2892(2) 2921(1) 20(1) 
C(1) 8785(2) 3872(2) 4484(1) 18(1) 
C(2) 9791(2) 2855(2) 4286(1) 20(1) 
C(3) 9599(2) 2525(2) 3783(1) 20(1) 
C(4) 8378(2) 3190(2) 3476(1) 18(1) 
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C(5) 8139(2) 1934(2) 2164(1) 25(1) 
C(6) 6801(2) 3273(2) 2153(1) 24(1) 
C(7) 9280(2) 2257(2) 1811(1) 34(1) 
C(8) 7543(2) 149(2) 2120(1) 35(1) 
C(9) 5215(2) 2713(2) 1896(1) 32(1) 
C(10) 7224(2) 4977(2) 1972(1) 33(1) 
C(11) 6119(1) 5877(2) 4296(1) 15(1) 
C(12) 4607(1) 5276(2) 4332(1) 16(1) 
C(13) 3424(1) 6377(2) 4411(1) 17(1) 
C(14) 3698(2) 8085(2) 4459(1) 17(1) 
C(15) 5199(2) 8673(2) 4430(1) 18(1) 
C(16) 6407(1) 7602(2) 4349(1) 15(1) 
C(17) 4251(2) 3435(2) 4297(1) 22(1) 
C(18) 2392(2) 9254(2) 4534(1) 24(1) 
C(19) 8001(2) 8301(2) 4302(1) 23(1) 
________________________________________________________________________________  
 
 Table 3.   Bond lengths [Å] and angles [°] for  C19H27B2NO2. 
_____________________________________________________  
O(1)-B(2)  1.3581(18) 
O(1)-C(5)  1.4746(16) 
O(2)-B(2)  1.3666(18) 
O(2)-C(6)  1.4672(16) 
N(1)-C(4)  1.3842(16) 
N(1)-B(1)  1.4276(17) 
N(1)-H(1N)  0.898(13) 
B(1)-C(1)  1.5203(18) 
B(1)-C(11)  1.5775(18) 
B(2)-C(4)  1.5615(19) 
C(1)-C(2)  1.3699(18) 
C(1)-H(1)  0.9500 
C(2)-C(3)  1.4262(18) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.3675(18) 
C(3)-H(3)  0.9500 
C(5)-C(8)  1.524(2) 
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C(5)-C(7)  1.525(2) 
C(5)-C(6)  1.577(2) 
C(6)-C(9)  1.518(2) 
C(6)-C(10)  1.525(2) 
C(7)-H(7A)  0.9800 
C(7)-H(7B)  0.9800 
C(7)-H(7C)  0.9800 
C(8)-H(8A)  0.9800 
C(8)-H(8B)  0.9800 
C(8)-H(8C)  0.9800 
C(9)-H(9A)  0.9800 
C(9)-H(9B)  0.9800 
C(9)-H(9C)  0.9800 
C(10)-H(10A)  0.9800 
C(10)-H(10B)  0.9800 
C(10)-H(10C)  0.9800 
C(11)-C(12)  1.4117(17) 
C(11)-C(16)  1.4125(17) 
C(12)-C(13)  1.3945(17) 
C(12)-C(17)  1.5115(18) 
C(13)-C(14)  1.3968(18) 
C(13)-H(13)  0.9500 
C(14)-C(15)  1.3936(18) 
C(14)-C(18)  1.5076(18) 
C(15)-C(16)  1.3975(18) 
C(15)-H(15)  0.9500 
C(16)-C(19)  1.5118(18) 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
C(19)-H(19A)  0.9800 
C(19)-H(19B)  0.9800 
C(19)-H(19C)  0.9800 
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 B(2)-O(1)-C(5) 106.99(11) 
B(2)-O(2)-C(6) 107.25(11) 
C(4)-N(1)-B(1) 125.58(11) 
C(4)-N(1)-H(1N) 114.2(11) 
B(1)-N(1)-H(1N) 120.2(11) 
N(1)-B(1)-C(1) 113.64(11) 
N(1)-B(1)-C(11) 117.43(11) 
C(1)-B(1)-C(11) 128.93(11) 
O(1)-B(2)-O(2) 114.79(12) 
O(1)-B(2)-C(4) 125.78(13) 
O(2)-B(2)-C(4) 119.41(12) 
C(2)-C(1)-B(1) 119.31(12) 
C(2)-C(1)-H(1) 120.3 
B(1)-C(1)-H(1) 120.3 
C(1)-C(2)-C(3) 121.81(12) 
C(1)-C(2)-H(2) 119.1 
C(3)-C(2)-H(2) 119.1 
C(4)-C(3)-C(2) 121.11(12) 
C(4)-C(3)-H(3) 119.4 
C(2)-C(3)-H(3) 119.4 
C(3)-C(4)-N(1) 118.53(12) 
C(3)-C(4)-B(2) 125.47(12) 
N(1)-C(4)-B(2) 116.00(11) 
O(1)-C(5)-C(8) 106.72(12) 
O(1)-C(5)-C(7) 107.73(12) 
C(8)-C(5)-C(7) 110.56(13) 
O(1)-C(5)-C(6) 102.71(10) 
C(8)-C(5)-C(6) 113.80(13) 
C(7)-C(5)-C(6) 114.54(13) 
O(2)-C(6)-C(9) 108.01(12) 
O(2)-C(6)-C(10) 106.37(12) 
C(9)-C(6)-C(10) 110.58(13) 
O(2)-C(6)-C(5) 102.59(11) 
C(9)-C(6)-C(5) 114.41(13) 
C(10)-C(6)-C(5) 114.07(13) 
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C(5)-C(7)-H(7A) 109.5 
C(5)-C(7)-H(7B) 109.5 
H(7A)-C(7)-H(7B) 109.5 
C(5)-C(7)-H(7C) 109.5 
H(7A)-C(7)-H(7C) 109.5 
H(7B)-C(7)-H(7C) 109.5 
C(5)-C(8)-H(8A) 109.5 
C(5)-C(8)-H(8B) 109.5 
H(8A)-C(8)-H(8B) 109.5 
C(5)-C(8)-H(8C) 109.5 
H(8A)-C(8)-H(8C) 109.5 
H(8B)-C(8)-H(8C) 109.5 
C(6)-C(9)-H(9A) 109.5 
C(6)-C(9)-H(9B) 109.5 
H(9A)-C(9)-H(9B) 109.5 
C(6)-C(9)-H(9C) 109.5 
H(9A)-C(9)-H(9C) 109.5 
H(9B)-C(9)-H(9C) 109.5 
C(6)-C(10)-H(10A) 109.5 
C(6)-C(10)-H(10B) 109.5 
H(10A)-C(10)-H(10B) 109.5 
C(6)-C(10)-H(10C) 109.5 
H(10A)-C(10)-H(10C) 109.5 
H(10B)-C(10)-H(10C) 109.5 
C(12)-C(11)-C(16) 118.57(11) 
C(12)-C(11)-B(1) 120.40(11) 
C(16)-C(11)-B(1) 120.86(11) 
C(13)-C(12)-C(11) 120.16(12) 
C(13)-C(12)-C(17) 119.04(11) 
C(11)-C(12)-C(17) 120.80(11) 
C(12)-C(13)-C(14) 121.46(12) 
C(12)-C(13)-H(13) 119.3 
C(14)-C(13)-H(13) 119.3 
C(15)-C(14)-C(13) 118.25(12) 
C(15)-C(14)-C(18) 121.31(12) 
C(13)-C(14)-C(18) 120.44(12) 
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C(14)-C(15)-C(16) 121.63(12) 
C(14)-C(15)-H(15) 119.2 
C(16)-C(15)-H(15) 119.2 
C(15)-C(16)-C(11) 119.91(11) 
C(15)-C(16)-C(19) 119.84(12) 
C(11)-C(16)-C(19) 120.22(11) 
C(12)-C(17)-H(17A) 109.5 
C(12)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
C(12)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
C(14)-C(18)-H(18A) 109.5 
C(14)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
C(14)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
C(16)-C(19)-H(19A) 109.5 
C(16)-C(19)-H(19B) 109.5 
H(19A)-C(19)-H(19B) 109.5 
C(16)-C(19)-H(19C) 109.5 
H(19A)-C(19)-H(19C) 109.5 
H(19B)-C(19)-H(19C) 109.5 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 Table 4.   Anisotropic displacement parameters  (Å2x 103) for C19H27B2NO2.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
O(1) 24(1)  35(1) 15(1)  -5(1) 3(1)  6(1) 
O(2) 22(1)  36(1) 14(1)  -5(1) 1(1)  4(1) 
N(1) 16(1)  21(1) 15(1)  0(1) 0(1)  3(1) 
B(1) 15(1)  15(1) 16(1)  -1(1) 2(1)  -1(1) 
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B(2) 20(1)  25(1) 15(1)  -2(1) 3(1)  0(1) 
C(1) 18(1)  22(1) 14(1)  -2(1) 1(1)  2(1) 
C(2) 17(1)  25(1) 17(1)  0(1) -1(1)  6(1) 
C(3) 18(1)  23(1) 18(1)  -2(1) 4(1)  4(1) 
C(4) 18(1)  21(1) 15(1)  -2(1) 4(1)  1(1) 
C(5) 28(1)  34(1) 14(1)  -6(1) 3(1)  0(1) 
C(6) 25(1)  33(1) 13(1)  -4(1) 2(1)  -1(1) 
C(7) 34(1)  51(1) 19(1)  -3(1) 9(1)  4(1) 
C(8) 45(1)  32(1) 30(1)  -9(1) 7(1)  -1(1) 
C(9) 27(1)  49(1) 19(1)  -5(1) -3(1)  -4(1) 
C(10) 39(1)  34(1) 26(1)  3(1) 3(1)  1(1) 
C(11) 16(1)  16(1) 12(1)  0(1) 1(1)  2(1) 
C(12) 18(1)  15(1) 14(1)  1(1) 2(1)  0(1) 
C(13) 16(1)  18(1) 18(1)  2(1) 2(1)  0(1) 
C(14) 16(1)  19(1) 16(1)  0(1) 1(1)  3(1) 
C(15) 19(1)  14(1) 19(1)  0(1) 2(1)  0(1) 
C(16) 15(1)  17(1) 14(1)  -1(1) 2(1)  -1(1) 
C(17) 22(1)  15(1) 28(1)  0(1) 5(1)  -2(1) 
C(18) 18(1)  21(1) 31(1)  -2(1) 4(1)  5(1) 
C(19) 18(1)  23(1) 31(1)  -5(1) 7(1)  -4(1) 
______________________________________________________________________________  
 
 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for C19H27B2NO2. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(1N) 6569(18) 4630(20) 3444(6) 21 
H(1) 8939 4080 4820 22 
H(2) 10640 2356 4491 24 
H(3) 10333 1831 3658 24 
H(7A) 9765 3353 1875 51 
H(7B) 8715 2228 1481 51 
H(7C) 10095 1399 1849 51 
H(8A) 8430 -619 2186 53 
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H(8B) 6993 -40 1794 53 
H(8C) 6823 -41 2353 53 
H(9A) 4859 1746 2062 49 
H(9B) 5305 2412 1563 49 
H(9C) 4458 3621 1896 49 
H(10A) 6438 5793 2036 50 
H(10B) 7251 4920 1626 50 
H(10C) 8255 5312 2139 50 
H(13) 2410 5956 4433 21 
H(15) 5407 9830 4467 21 
H(17A) 4437 2941 4619 32 
H(17B) 4932 2901 4094 32 
H(17C) 3154 3271 4156 32 
H(18A) 2827 10355 4624 35 
H(18B) 1853 8825 4791 35 
H(18C) 1647 9341 4236 35 
H(19A) 8007 9502 4361 35 
H(19B) 8231 8090 3977 35 
H(19C) 8797 7764 4537 35 
________________________________________________________________________________  
 Table 6.  Torsion angles [°] for C19H27B2NO2. 
________________________________________________________________  
C(4)-N(1)-B(1)-C(1) -0.55(19) 
C(4)-N(1)-B(1)-C(11) 179.39(12) 
C(5)-O(1)-B(2)-O(2) -8.46(17) 
C(5)-O(1)-B(2)-C(4) 173.19(14) 
C(6)-O(2)-B(2)-O(1) -7.84(17) 
C(6)-O(2)-B(2)-C(4) 170.62(12) 
N(1)-B(1)-C(1)-C(2) 0.45(18) 
C(11)-B(1)-C(1)-C(2) -179.48(13) 
B(1)-C(1)-C(2)-C(3) 0.4(2) 
C(1)-C(2)-C(3)-C(4) -1.2(2) 
C(2)-C(3)-C(4)-N(1) 1.1(2) 
C(2)-C(3)-C(4)-B(2) -179.02(13) 
B(1)-N(1)-C(4)-C(3) -0.2(2) 
B(1)-N(1)-C(4)-B(2) 179.92(12) 
252
O(1)-B(2)-C(4)-C(3) -9.1(2) 
O(2)-B(2)-C(4)-C(3) 172.59(14) 
O(1)-B(2)-C(4)-N(1) 170.70(14) 
O(2)-B(2)-C(4)-N(1) -7.6(2) 
B(2)-O(1)-C(5)-C(8) -100.40(14) 
B(2)-O(1)-C(5)-C(7) 140.86(14) 
B(2)-O(1)-C(5)-C(6) 19.58(15) 
B(2)-O(2)-C(6)-C(9) 140.43(14) 
B(2)-O(2)-C(6)-C(10) -100.84(14) 
B(2)-O(2)-C(6)-C(5) 19.24(15) 
O(1)-C(5)-C(6)-O(2) -23.34(14) 
C(8)-C(5)-C(6)-O(2) 91.61(14) 
C(7)-C(5)-C(6)-O(2) -139.83(13) 
O(1)-C(5)-C(6)-C(9) -140.03(13) 
C(8)-C(5)-C(6)-C(9) -25.08(17) 
C(7)-C(5)-C(6)-C(9) 103.48(16) 
O(1)-C(5)-C(6)-C(10) 91.25(14) 
C(8)-C(5)-C(6)-C(10) -153.80(13) 
C(7)-C(5)-C(6)-C(10) -25.24(17) 
N(1)-B(1)-C(11)-C(12) 78.15(15) 
C(1)-B(1)-C(11)-C(12) -101.92(16) 
N(1)-B(1)-C(11)-C(16) -97.06(14) 
C(1)-B(1)-C(11)-C(16) 82.87(17) 
C(16)-C(11)-C(12)-C(13) 1.09(18) 
B(1)-C(11)-C(12)-C(13) -174.23(11) 
C(16)-C(11)-C(12)-C(17) -177.62(11) 
B(1)-C(11)-C(12)-C(17) 7.06(18) 
C(11)-C(12)-C(13)-C(14) -0.41(19) 
C(17)-C(12)-C(13)-C(14) 178.32(12) 
C(12)-C(13)-C(14)-C(15) -0.63(19) 
C(12)-C(13)-C(14)-C(18) 178.82(12) 
C(13)-C(14)-C(15)-C(16) 0.99(19) 
C(18)-C(14)-C(15)-C(16) -178.46(12) 
C(14)-C(15)-C(16)-C(11) -0.30(19) 
C(14)-C(15)-C(16)-C(19) 177.64(12) 
C(12)-C(11)-C(16)-C(15) -0.74(18) 
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B(1)-C(11)-C(16)-C(15) 174.56(11) 
C(12)-C(11)-C(16)-C(19) -178.68(11) 
B(1)-C(11)-C(16)-C(19) -3.38(18) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 Table 7.  Hydrogen bonds for C19H27B2NO2  [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 N(1)-H(1N)...O(2) 0.898(13) 2.392(17) 2.8443(15) 111.3(13) 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 
 
 
  Table 1.  Crystal data and structure refinement for sad. 
Identification code  C9H9BN2 
Empirical formula  C9 H9 B N2 
Formula weight  155.99 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pna21 
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Unit cell dimensions a = 15.304(4) Å = 90°. 
 b = 9.331(2) Å = 90°. 
 c = 5.7254(15) Å  = 90°. 
Volume 817.6(4) Å3 
Z 4 
Density (calculated) 1.267 Mg/m3 
Absorption coefficient 0.076 mm-1 
F(000) 328 
Crystal size 0.650 x 0.400 x 0.300 mm3 
Theta range for data collection 2.556 to 28.355°. 
Index ranges -20<=h<=20, -12<=k<=12, -7<=l<=6 
Reflections collected 11627 
Independent reflections 1962 [R(int) = 0.0260] 
Completeness to theta = 25.242° 99.5 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7457 and 0.6585 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 1962 / 1 / 115 
Goodness-of-fit on F2 1.077 
Final R indices [I>2sigma(I)] R1 = 0.0324, wR2 = 0.0783 
R indices (all data) R1 = 0.0343, wR2 = 0.0796 
Extinction coefficient n/a 
Largest diff. peak and hole 0.251 and -0.142 e.Å-3 
 
 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for sad.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
N(1) 3776(1) 3352(2) 6575(2) 18(1) 
N(2) 3152(1) 6009(1) 6820(3) 19(1) 
B(1) 4047(1) 1890(2) 6754(4) 21(1) 
C(1) 4588(1) 1359(2) 4725(3) 22(1) 
C(2) 4760(1) 2280(2) 2933(3) 22(1) 
C(3) 4440(1) 3712(2) 2901(3) 19(1) 
C(4) 3954(1) 4230(2) 4720(3) 16(1) 
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C(5) 3596(1) 5711(2) 4860(3) 16(1) 
C(6) 3717(1) 6725(2) 3097(3) 19(1) 
C(7) 3383(1) 8096(2) 3405(3) 21(1) 
C(8) 2932(1) 8414(2) 5431(3) 22(1) 
C(9) 2828(1) 7335(2) 7071(3) 22(1) 
________________________________________________________________________________  
 Table 3.   Bond lengths [Å] and angles [°] for  sad. 
_____________________________________________________  
N(1)-C(4)  1.368(2) 
N(1)-B(1)  1.430(2) 
N(1)-H(1N)  0.88(2) 
N(2)-C(5)  1.340(2) 
N(2)-C(9)  1.342(2) 
B(1)-C(1)  1.510(3) 
B(1)-H(1B)  1.09(2) 
C(1)-C(2)  1.364(3) 
C(1)-H(1)  0.9500 
C(2)-C(3)  1.423(2) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.368(2) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.4895(19) 
C(5)-C(6)  1.396(2) 
C(6)-C(7)  1.389(2) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.382(3) 
C(7)-H(7)  0.9500 
C(8)-C(9)  1.386(2) 
C(8)-H(8)  0.9500 
C(9)-H(9)  0.9500 
 
C(4)-N(1)-B(1) 124.62(15) 
C(4)-N(1)-H(1N) 113.8(13) 
B(1)-N(1)-H(1N) 121.6(13) 
C(5)-N(2)-C(9) 117.94(14) 
N(1)-B(1)-C(1) 114.69(16) 
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N(1)-B(1)-H(1B) 116.9(11) 
C(1)-B(1)-H(1B) 128.4(11) 
C(2)-C(1)-B(1) 118.52(15) 
C(2)-C(1)-H(1) 120.7 
B(1)-C(1)-H(1) 120.7 
C(1)-C(2)-C(3) 122.34(16) 
C(1)-C(2)-H(2) 118.8 
C(3)-C(2)-H(2) 118.8 
C(4)-C(3)-C(2) 120.59(16) 
C(4)-C(3)-H(3) 119.7 
C(2)-C(3)-H(3) 119.7 
C(3)-C(4)-N(1) 119.23(14) 
C(3)-C(4)-C(5) 124.67(14) 
N(1)-C(4)-C(5) 116.11(13) 
N(2)-C(5)-C(6) 122.16(14) 
N(2)-C(5)-C(4) 115.07(13) 
C(6)-C(5)-C(4) 122.78(14) 
C(7)-C(6)-C(5) 118.92(15) 
C(7)-C(6)-H(6) 120.5 
C(5)-C(6)-H(6) 120.5 
C(8)-C(7)-C(6) 119.23(15) 
C(8)-C(7)-H(7) 120.4 
C(6)-C(7)-H(7) 120.4 
C(7)-C(8)-C(9) 118.04(15) 
C(7)-C(8)-H(8) 121.0 
C(9)-C(8)-H(8) 121.0 
N(2)-C(9)-C(8) 123.71(16) 
N(2)-C(9)-H(9) 118.1 
C(8)-C(9)-H(9) 118.1 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 Table 4.   Anisotropic displacement parameters  (Å2x 103) for sad.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
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______________________________________________________________________________  
N(1) 19(1)  19(1) 15(1)  -1(1) 1(1)  1(1) 
N(2) 21(1)  19(1) 19(1)  0(1) 2(1)  2(1) 
B(1) 24(1)  19(1) 20(1)  1(1) -3(1)  -1(1) 
C(1) 23(1)  16(1) 27(1)  -4(1) -3(1)  1(1) 
C(2) 20(1)  21(1) 24(1)  -8(1) 3(1)  -1(1) 
C(3) 19(1)  19(1) 18(1)  -1(1) 3(1)  -3(1) 
C(4) 15(1)  15(1) 17(1)  -2(1) -2(1)  -3(1) 
C(5) 14(1)  16(1) 17(1)  -1(1) -2(1)  -2(1) 
C(6) 20(1)  21(1) 17(1)  0(1) -1(1)  -2(1) 
C(7) 23(1)  18(1) 23(1)  5(1) -5(1)  -2(1) 
C(8) 21(1)  17(1) 28(1)  -3(1) -5(1)  3(1) 
C(9) 22(1)  24(1) 21(1)  -3(1) 2(1)  5(1) 
______________________________________________________________________________  
 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for sad. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(1N) 3459(13) 3760(20) 7680(40) 21 
H(1B) 3835(13) 1300(20) 8300(40) 25 
H(1) 4804 405 4698 26 
H(2) 5105 1954 1660 26 
H(3) 4565 4314 1606 22 
H(6) 4023 6481 1709 23 
H(7) 3464 8807 2237 26 
H(8) 2700 9345 5691 26 
H(9) 2509 7547 8452 27 
________________________________________________________________________________  
 Table 6.  Torsion angles [°] for sad. 
________________________________________________________________  
C(4)-N(1)-B(1)-C(1) 1.8(2) 
N(1)-B(1)-C(1)-C(2) -0.8(2) 
B(1)-C(1)-C(2)-C(3) -0.6(2) 
C(1)-C(2)-C(3)-C(4) 1.2(2) 
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C(2)-C(3)-C(4)-N(1) -0.2(2) 
C(2)-C(3)-C(4)-C(5) 179.54(14) 
B(1)-N(1)-C(4)-C(3) -1.4(2) 
B(1)-N(1)-C(4)-C(5) 178.87(14) 
C(9)-N(2)-C(5)-C(6) -0.7(2) 
C(9)-N(2)-C(5)-C(4) 178.73(13) 
C(3)-C(4)-C(5)-N(2) -178.63(15) 
N(1)-C(4)-C(5)-N(2) 1.07(18) 
C(3)-C(4)-C(5)-C(6) 0.8(2) 
N(1)-C(4)-C(5)-C(6) -179.50(14) 
N(2)-C(5)-C(6)-C(7) 1.4(2) 
C(4)-C(5)-C(6)-C(7) -178.01(14) 
C(5)-C(6)-C(7)-C(8) -0.8(2) 
C(6)-C(7)-C(8)-C(9) -0.4(2) 
C(5)-N(2)-C(9)-C(8) -0.6(2) 
C(7)-C(8)-C(9)-N(2) 1.1(3) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
 Table 7.  Hydrogen bonds for sad  [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 N(1)-H(1N)...N(2) 0.88(2) 2.20(2) 2.660(2) 111.8(17) 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
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  Table 1.  Crystal data and structure refinement for C18H19BN2. 
Identification code  C18H19BN2 
Empirical formula  C18 H19 B N2 
Formula weight  274.16 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P21 
Unit cell dimensions a = 7.3406(10) Å = 90°. 
 b = 6.9881(9) Å = 101.104(2)°. 
 c = 15.172(2) Å  = 90°. 
Volume 763.68(18) Å3 
Z 2 
Density (calculated) 1.192 Mg/m3 
Absorption coefficient 0.069 mm-1 
F(000) 292 
Crystal size 0.450 x 0.200 x 0.080 mm3 
Theta range for data collection 2.736 to 28.412°. 
Index ranges -9<=h<=9, -8<=k<=9, -20<=l<=20 
Reflections collected 15314 
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Independent reflections 3799 [R(int) = 0.0248] 
Completeness to theta = 25.242° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7457 and 0.6969 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3799 / 1 / 197 
Goodness-of-fit on F2 1.053 
Final R indices [I>2sigma(I)] R1 = 0.0360, wR2 = 0.0907 
R indices (all data) R1 = 0.0396, wR2 = 0.0935 
Extinction coefficient na 
Largest diff. peak and hole 0.221 and -0.169 e.Å-3 
 
 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for C18H19BN2.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
N(1) 7125(2) 5941(2) 3578(1) 20(1) 
N(2) 5563(2) 5988(2) 5011(1) 25(1) 
B(1) 7658(3) 5847(3) 2718(1) 21(1) 
C(1) 9557(2) 6697(3) 2716(1) 24(1) 
C(2) 10543(2) 7481(3) 3490(1) 27(1) 
C(3) 9851(2) 7518(3) 4302(1) 23(1) 
C(4) 8149(2) 6753(2) 4336(1) 20(1) 
C(5) 7262(2) 6778(3) 5139(1) 20(1) 
C(6) 8097(2) 7613(3) 5952(1) 26(1) 
C(7) 7139(3) 7612(3) 6656(1) 29(1) 
C(8) 5402(3) 6788(3) 6528(1) 28(1) 
C(9) 4665(3) 6003(3) 5699(1) 29(1) 
C(10) 6203(2) 4948(3) 1918(1) 20(1) 
C(11) 4481(2) 5866(3) 1619(1) 21(1) 
C(12) 3116(2) 4994(3) 977(1) 24(1) 
C(13) 3406(2) 3234(3) 604(1) 25(1) 
C(14) 5134(2) 2365(3) 868(1) 24(1) 
C(15) 6519(2) 3196(3) 1515(1) 23(1) 
C(16) 4109(3) 7821(3) 1970(1) 28(1) 
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C(17) 1903(3) 2287(3) -74(1) 36(1) 
C(18) 8358(3) 2172(3) 1783(1) 33(1) 
________________________________________________________________________________  
 Table 3.   Bond lengths [Å] and angles [°] for  C18H19BN2. 
_____________________________________________________  
N(1)-C(4)  1.370(2) 
N(1)-B(1)  1.435(2) 
N(1)-H(1N)  0.88(2) 
N(2)-C(9)  1.337(2) 
N(2)-C(5)  1.344(2) 
B(1)-C(1)  1.516(3) 
B(1)-C(10)  1.584(2) 
C(1)-C(2)  1.370(3) 
C(1)-H(1)  0.9500 
C(2)-C(3)  1.421(3) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.369(2) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.488(2) 
C(5)-C(6)  1.395(2) 
C(6)-C(7)  1.387(3) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.378(3) 
C(7)-H(7)  0.9500 
C(8)-C(9)  1.383(3) 
C(8)-H(8)  0.9500 
C(9)-H(9)  0.9500 
C(10)-C(15)  1.408(2) 
C(10)-C(11)  1.412(2) 
C(11)-C(12)  1.396(2) 
C(11)-C(16)  1.510(3) 
C(12)-C(13)  1.387(3) 
C(12)-H(12)  0.9500 
C(13)-C(14)  1.393(3) 
C(13)-C(17)  1.510(2) 
C(14)-C(15)  1.396(2) 
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C(14)-H(14)  0.9500 
C(15)-C(18)  1.513(3) 
C(16)-H(16A)  0.9800 
C(16)-H(16B)  0.9800 
C(16)-H(16C)  0.9800 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
 
C(4)-N(1)-B(1) 125.52(14) 
C(4)-N(1)-H(1N) 112.2(15) 
B(1)-N(1)-H(1N) 122.2(15) 
C(9)-N(2)-C(5) 117.87(15) 
N(1)-B(1)-C(1) 113.33(15) 
N(1)-B(1)-C(10) 116.95(15) 
C(1)-B(1)-C(10) 129.69(15) 
C(2)-C(1)-B(1) 119.29(16) 
C(2)-C(1)-H(1) 120.4 
B(1)-C(1)-H(1) 120.4 
C(1)-C(2)-C(3) 122.19(16) 
C(1)-C(2)-H(2) 118.9 
C(3)-C(2)-H(2) 118.9 
C(4)-C(3)-C(2) 120.43(15) 
C(4)-C(3)-H(3) 119.8 
C(2)-C(3)-H(3) 119.8 
C(3)-C(4)-N(1) 119.20(15) 
C(3)-C(4)-C(5) 124.90(15) 
N(1)-C(4)-C(5) 115.87(14) 
N(2)-C(5)-C(6) 122.46(15) 
N(2)-C(5)-C(4) 114.68(14) 
C(6)-C(5)-C(4) 122.83(16) 
C(7)-C(6)-C(5) 118.62(17) 
C(7)-C(6)-H(6) 120.7 
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C(5)-C(6)-H(6) 120.7 
C(8)-C(7)-C(6) 119.01(17) 
C(8)-C(7)-H(7) 120.5 
C(6)-C(7)-H(7) 120.5 
C(7)-C(8)-C(9) 118.83(17) 
C(7)-C(8)-H(8) 120.6 
C(9)-C(8)-H(8) 120.6 
N(2)-C(9)-C(8) 123.21(18) 
N(2)-C(9)-H(9) 118.4 
C(8)-C(9)-H(9) 118.4 
C(15)-C(10)-C(11) 117.91(15) 
C(15)-C(10)-B(1) 122.29(15) 
C(11)-C(10)-B(1) 119.72(15) 
C(12)-C(11)-C(10) 120.23(17) 
C(12)-C(11)-C(16) 119.11(16) 
C(10)-C(11)-C(16) 120.64(15) 
C(13)-C(12)-C(11) 121.70(17) 
C(13)-C(12)-H(12) 119.2 
C(11)-C(12)-H(12) 119.2 
C(12)-C(13)-C(14) 118.16(16) 
C(12)-C(13)-C(17) 121.15(18) 
C(14)-C(13)-C(17) 120.69(17) 
C(13)-C(14)-C(15) 121.36(17) 
C(13)-C(14)-H(14) 119.3 
C(15)-C(14)-H(14) 119.3 
C(14)-C(15)-C(10) 120.53(16) 
C(14)-C(15)-C(18) 118.95(16) 
C(10)-C(15)-C(18) 120.52(16) 
C(11)-C(16)-H(16A) 109.5 
C(11)-C(16)-H(16B) 109.5 
H(16A)-C(16)-H(16B) 109.5 
C(11)-C(16)-H(16C) 109.5 
H(16A)-C(16)-H(16C) 109.5 
H(16B)-C(16)-H(16C) 109.5 
C(13)-C(17)-H(17A) 109.5 
C(13)-C(17)-H(17B) 109.5 
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H(17A)-C(17)-H(17B) 109.5 
C(13)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
C(15)-C(18)-H(18A) 109.5 
C(15)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
C(15)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:   
 Table 4.   Anisotropic displacement parameters  (Å2x 103) for C18H19BN2.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
N(1) 20(1)  21(1) 19(1)  -2(1) 4(1)  -4(1) 
N(2) 31(1)  22(1) 25(1)  -6(1) 11(1)  -6(1) 
B(1) 23(1)  21(1) 18(1)  -1(1) 4(1)  -2(1) 
C(1) 27(1)  28(1) 21(1)  -1(1) 8(1)  -3(1) 
C(2) 22(1)  29(1) 29(1)  -2(1) 5(1)  -7(1) 
C(3) 23(1)  23(1) 23(1)  -4(1) 2(1)  -2(1) 
C(4) 23(1)  17(1) 18(1)  0(1) 2(1)  1(1) 
C(5) 26(1)  16(1) 19(1)  0(1) 5(1)  3(1) 
C(6) 27(1)  28(1) 21(1)  -2(1) 1(1)  3(1) 
C(7) 38(1)  31(1) 17(1)  -2(1) 1(1)  9(1) 
C(8) 42(1)  21(1) 24(1)  2(1) 15(1)  7(1) 
C(9) 37(1)  22(1) 32(1)  -5(1) 16(1)  -6(1) 
C(10) 25(1)  22(1) 14(1)  0(1) 6(1)  -3(1) 
C(11) 24(1)  24(1) 17(1)  0(1) 6(1)  -3(1) 
C(12) 23(1)  29(1) 20(1)  1(1) 4(1)  -1(1) 
C(13) 28(1)  31(1) 17(1)  -2(1) 4(1)  -6(1) 
C(14) 32(1)  24(1) 19(1)  -5(1) 8(1)  -4(1) 
C(15) 26(1)  26(1) 19(1)  -1(1) 5(1)  -1(1) 
C(16) 28(1)  27(1) 30(1)  -4(1) 5(1)  0(1) 
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C(17) 36(1)  42(1) 28(1)  -12(1) -2(1)  -6(1) 
C(18) 31(1)  32(1) 34(1)  -8(1) 2(1)  5(1) 
______________________________________________________________________________  
 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for C18H19BN2. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(1N) 6030(30) 5530(40) 3663(15) 29(6) 
H(1) 10057 6687 2183 29 
H(2) 11730 8018 3484 32 
H(3) 10574 8077 4826 28 
H(6) 9297 8170 6022 31 
H(7) 7672 8170 7217 35 
H(8) 4722 6760 7001 33 
H(9) 3463 5447 5614 35 
H(12) 1958 5622 790 29 
H(14) 5374 1184 603 29 
H(16A) 3011 8378 1585 43 
H(16B) 5184 8651 1967 43 
H(16C) 3889 7704 2584 43 
H(17A) 710 2907 -64 55 
H(17B) 1826 929 76 55 
H(17C) 2197 2409 -675 55 
H(18A) 8313 954 1459 49 
H(18B) 8601 1926 2431 49 
H(18C) 9352 2971 1633 49 
________________________________________________________________________________  
 Table 6.  Torsion angles [°] for C18H19BN2. 
________________________________________________________________  
C(4)-N(1)-B(1)-C(1) 1.9(3) 
C(4)-N(1)-B(1)-C(10) -176.49(16) 
N(1)-B(1)-C(1)-C(2) -1.2(3) 
C(10)-B(1)-C(1)-C(2) 176.89(19) 
B(1)-C(1)-C(2)-C(3) 0.3(3) 
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C(1)-C(2)-C(3)-C(4) 0.2(3) 
C(2)-C(3)-C(4)-N(1) 0.4(3) 
C(2)-C(3)-C(4)-C(5) -177.63(17) 
B(1)-N(1)-C(4)-C(3) -1.5(3) 
B(1)-N(1)-C(4)-C(5) 176.68(16) 
C(9)-N(2)-C(5)-C(6) -0.5(3) 
C(9)-N(2)-C(5)-C(4) -178.44(16) 
C(3)-C(4)-C(5)-N(2) 178.26(17) 
N(1)-C(4)-C(5)-N(2) 0.2(2) 
C(3)-C(4)-C(5)-C(6) 0.4(3) 
N(1)-C(4)-C(5)-C(6) -177.71(16) 
N(2)-C(5)-C(6)-C(7) 0.5(3) 
C(4)-C(5)-C(6)-C(7) 178.24(17) 
C(5)-C(6)-C(7)-C(8) 0.0(3) 
C(6)-C(7)-C(8)-C(9) -0.5(3) 
C(5)-N(2)-C(9)-C(8) 0.0(3) 
C(7)-C(8)-C(9)-N(2) 0.5(3) 
N(1)-B(1)-C(10)-C(15) -112.65(19) 
C(1)-B(1)-C(10)-C(15) 69.3(3) 
N(1)-B(1)-C(10)-C(11) 64.1(2) 
C(1)-B(1)-C(10)-C(11) -113.9(2) 
C(15)-C(10)-C(11)-C(12) 3.2(2) 
B(1)-C(10)-C(11)-C(12) -173.66(15) 
C(15)-C(10)-C(11)-C(16) -175.11(15) 
B(1)-C(10)-C(11)-C(16) 8.0(2) 
C(10)-C(11)-C(12)-C(13) -1.0(2) 
C(16)-C(11)-C(12)-C(13) 177.40(16) 
C(11)-C(12)-C(13)-C(14) -1.9(2) 
C(11)-C(12)-C(13)-C(17) 178.65(17) 
C(12)-C(13)-C(14)-C(15) 2.4(3) 
C(17)-C(13)-C(14)-C(15) -178.09(17) 
C(13)-C(14)-C(15)-C(10) -0.1(3) 
C(13)-C(14)-C(15)-C(18) 179.16(16) 
C(11)-C(10)-C(15)-C(14) -2.7(2) 
B(1)-C(10)-C(15)-C(14) 174.11(16) 
C(11)-C(10)-C(15)-C(18) 178.02(16) 
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B(1)-C(10)-C(15)-C(18) -5.2(2) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  Table 7.  Hydrogen bonds for C18H19BN2  [Å and °]. 
____________________________________________________________________________  
D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
____________________________________________________________________________  
 N(1)-H(1N)...N(2) 0.88(2) 2.16(2) 2.6462(19) 114.0(19) 
____________________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
   
 
 
 
  Table 1.  Crystal data and structure refinement for c28H32N2B2. 
Identification code  C28H32N2B2 
Empirical formula  C28 H32 B2 N2 
Formula weight  418.17 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 21/c 
Unit cell dimensions a = 9.6888(11) Å = 90°. 
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 b = 13.3356(15) Å = 102.3920(19)°. 
 c = 18.584(2) Å  = 90°. 
Volume 2345.3(5) Å3 
Z 4 
Density (calculated) 1.184 Mg/m3 
Absorption coefficient 0.067 mm-1 
F(000) 896 
Crystal size 0.500 x 0.340 x 0.300 mm3 
Theta range for data collection 1.895 to 30.450°. 
Index ranges -13<=h<=13, -18<=k<=18, -24<=l<=25 
Reflections collected 36288 
Independent reflections 6621 [R(int) = 0.0394] 
Completeness to theta = 27.500° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7461 and 0.6748 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 6621 / 0 / 296 
Goodness-of-fit on F2 1.044 
Final R indices [I>2sigma(I)] R1 = 0.0466, wR2 = 0.1180 
R indices (all data) R1 = 0.0627, wR2 = 0.1286 
Extinction coefficient na 
Largest diff. peak and hole 0.392 and -0.233 e.Å-3 
 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for c28H32N2B2.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
N(1) 8446(1) 9714(1) 1533(1) 15(1) 
N(2) 9548(1) 8091(1) 1740(1) 14(1) 
B(1) 7706(2) 10657(1) 1509(1) 20(1) 
B(2) 8108(1) 8666(1) 1860(1) 12(1) 
C(1) 9984(1) 7148(1) 1928(1) 18(1) 
C(2) 11178(1) 6755(1) 1739(1) 24(1) 
C(3) 11944(1) 7351(1) 1348(1) 30(1) 
C(4) 11492(1) 8313(1) 1150(1) 27(1) 
C(5) 10282(1) 8672(1) 1359(1) 18(1) 
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C(6) 9654(1) 9668(1) 1253(1) 19(1) 
C(7) 10222(2) 10460(1) 945(1) 26(1) 
C(8) 9569(2) 11408(1) 911(1) 31(1) 
C(9) 8373(2) 11537(1) 1180(1) 28(1) 
C(10) 6279(1) 10771(1) 1783(1) 24(1) 
C(11) 8109(1) 8805(1) 2740(1) 12(1) 
C(12) 9396(1) 8989(1) 3261(1) 13(1) 
C(13) 9444(1) 8977(1) 4017(1) 14(1) 
C(14) 8252(1) 8811(1) 4305(1) 15(1) 
C(15) 6968(1) 8740(1) 3802(1) 16(1) 
C(16) 6873(1) 8748(1) 3039(1) 14(1) 
C(17) 10795(1) 9232(1) 3053(1) 18(1) 
C(18) 8382(1) 8698(1) 5123(1) 19(1) 
C(19) 5368(1) 8682(1) 2582(1) 18(1) 
C(20) 6852(1) 7976(1) 1343(1) 12(1) 
C(21) 6430(1) 7044(1) 1608(1) 14(1) 
C(22) 5404(1) 6438(1) 1164(1) 16(1) 
C(23) 4732(1) 6712(1) 456(1) 18(1) 
C(24) 5152(1) 7607(1) 188(1) 17(1) 
C(25) 6207(1) 8220(1) 599(1) 15(1) 
C(26) 6991(1) 6596(1) 2369(1) 18(1) 
C(27) 3614(1) 6058(1) -10(1) 26(1) 
C(28) 6620(1) 9099(1) 168(1) 22(1) 
________________________________________________________________________________  
 Table 3.   Bond lengths [Å] and angles [°] for  c28H32N2B2. 
_____________________________________________________  
N(1)-C(6)  1.3801(15) 
N(1)-B(1)  1.4437(17) 
N(1)-B(2)  1.5862(15) 
N(2)-C(1)  1.3481(15) 
N(2)-C(5)  1.3514(15) 
N(2)-B(2)  1.6493(15) 
B(1)-C(9)  1.5294(19) 
B(1)-C(10)  1.5798(19) 
B(2)-C(11)  1.6464(16) 
B(2)-C(20)  1.6582(16) 
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C(1)-C(2)  1.3815(16) 
C(2)-C(3)  1.392(2) 
C(3)-C(4)  1.381(2) 
C(4)-C(5)  1.3967(16) 
C(5)-C(6)  1.4561(18) 
C(6)-C(7)  1.3719(17) 
C(7)-C(8)  1.410(2) 
C(8)-C(9)  1.367(2) 
C(11)-C(16)  1.4261(14) 
C(11)-C(12)  1.4265(15) 
C(12)-C(13)  1.3944(16) 
C(12)-C(17)  1.5222(15) 
C(13)-C(14)  1.3911(15) 
C(14)-C(15)  1.3888(16) 
C(14)-C(18)  1.5061(16) 
C(15)-C(16)  1.4011(16) 
C(16)-C(19)  1.5244(15) 
C(20)-C(25)  1.4271(16) 
C(20)-C(21)  1.4279(15) 
C(21)-C(22)  1.4041(16) 
C(21)-C(26)  1.5250(16) 
C(22)-C(23)  1.3854(17) 
C(23)-C(24)  1.3878(17) 
C(23)-C(27)  1.5110(16) 
C(24)-C(25)  1.4000(16) 
C(25)-C(28)  1.5209(16) 
 
C(6)-N(1)-B(1) 118.91(10) 
C(6)-N(1)-B(2) 111.52(9) 
B(1)-N(1)-B(2) 129.55(9) 
C(1)-N(2)-C(5) 120.01(10) 
C(1)-N(2)-B(2) 128.79(9) 
C(5)-N(2)-B(2) 111.05(9) 
N(1)-B(1)-C(9) 115.49(12) 
N(1)-B(1)-C(10) 122.53(11) 
C(9)-B(1)-C(10) 121.96(12) 
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N(1)-B(2)-C(11) 109.00(9) 
N(1)-B(2)-N(2) 96.19(8) 
C(11)-B(2)-N(2) 111.49(8) 
N(1)-B(2)-C(20) 116.96(9) 
C(11)-B(2)-C(20) 118.83(9) 
N(2)-B(2)-C(20) 101.59(8) 
N(2)-C(1)-C(2) 121.36(12) 
C(1)-C(2)-C(3) 119.03(13) 
C(4)-C(3)-C(2) 119.74(12) 
C(3)-C(4)-C(5) 118.73(12) 
N(2)-C(5)-C(4) 121.12(12) 
N(2)-C(5)-C(6) 110.04(10) 
C(4)-C(5)-C(6) 128.78(11) 
C(7)-C(6)-N(1) 124.86(12) 
C(7)-C(6)-C(5) 124.39(11) 
N(1)-C(6)-C(5) 110.69(10) 
C(6)-C(7)-C(8) 119.52(13) 
C(9)-C(8)-C(7) 120.25(12) 
C(8)-C(9)-B(1) 120.94(12) 
C(16)-C(11)-C(12) 115.49(10) 
C(16)-C(11)-B(2) 124.00(9) 
C(12)-C(11)-B(2) 120.51(9) 
C(13)-C(12)-C(11) 121.08(10) 
C(13)-C(12)-C(17) 114.84(10) 
C(11)-C(12)-C(17) 124.07(10) 
C(14)-C(13)-C(12) 122.59(10) 
C(15)-C(14)-C(13) 116.70(10) 
C(15)-C(14)-C(18) 122.77(10) 
C(13)-C(14)-C(18) 120.52(10) 
C(14)-C(15)-C(16) 122.39(10) 
C(15)-C(16)-C(11) 121.02(10) 
C(15)-C(16)-C(19) 114.30(10) 
C(11)-C(16)-C(19) 124.67(10) 
C(25)-C(20)-C(21) 115.72(10) 
C(25)-C(20)-B(2) 123.32(9) 
C(21)-C(20)-B(2) 120.78(9) 
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C(22)-C(21)-C(20) 121.15(10) 
C(22)-C(21)-C(26) 112.69(10) 
C(20)-C(21)-C(26) 126.16(10) 
C(23)-C(22)-C(21) 122.35(11) 
C(22)-C(23)-C(24) 116.98(10) 
C(22)-C(23)-C(27) 121.66(11) 
C(24)-C(23)-C(27) 121.34(11) 
C(23)-C(24)-C(25) 122.79(11) 
C(24)-C(25)-C(20) 120.83(10) 
C(24)-C(25)-C(28) 113.95(10) 
C(20)-C(25)-C(28) 125.14(10) 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 Table 4.   Anisotropic displacement parameters  (Å2x 103) for c28H32N2B2.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
N(1) 17(1)  16(1) 10(1)  1(1) 1(1)  -3(1) 
N(2) 12(1)  20(1) 11(1)  -2(1) 1(1)  0(1) 
B(1) 26(1)  16(1) 14(1)  0(1) -2(1)  -1(1) 
B(2) 12(1)  14(1) 11(1)  1(1) 2(1)  1(1) 
C(1) 15(1)  22(1) 16(1)  -1(1) 1(1)  3(1) 
C(2) 19(1)  31(1) 20(1)  -6(1) -1(1)  8(1) 
C(3) 18(1)  48(1) 25(1)  -8(1) 7(1)  6(1) 
C(4) 18(1)  44(1) 20(1)  -3(1) 9(1)  -3(1) 
C(5) 16(1)  28(1) 12(1)  -2(1) 3(1)  -4(1) 
C(6) 20(1)  24(1) 11(1)  -1(1) 2(1)  -6(1) 
C(7) 31(1)  31(1) 18(1)  1(1) 7(1)  -13(1) 
C(8) 46(1)  24(1) 21(1)  4(1) 4(1)  -17(1) 
C(9) 42(1)  17(1) 20(1)  2(1) -1(1)  -5(1) 
C(10) 28(1)  19(1) 24(1)  1(1) 1(1)  6(1) 
C(11) 14(1)  12(1) 12(1)  0(1) 2(1)  0(1) 
C(12) 14(1)  13(1) 13(1)  0(1) 3(1)  0(1) 
C(13) 16(1)  14(1) 12(1)  0(1) 0(1)  0(1) 
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C(14) 21(1)  13(1) 12(1)  0(1) 4(1)  1(1) 
C(15) 16(1)  17(1) 15(1)  -1(1) 6(1)  0(1) 
C(16) 14(1)  15(1) 14(1)  -1(1) 2(1)  1(1) 
C(17) 14(1)  26(1) 13(1)  0(1) 2(1)  -5(1) 
C(18) 24(1)  21(1) 12(1)  1(1) 4(1)  0(1) 
C(19) 13(1)  24(1) 17(1)  -2(1) 4(1)  1(1) 
C(20) 12(1)  14(1) 12(1)  -1(1) 4(1)  1(1) 
C(21) 13(1)  15(1) 14(1)  -1(1) 5(1)  1(1) 
C(22) 16(1)  15(1) 20(1)  -2(1) 7(1)  -1(1) 
C(23) 14(1)  21(1) 19(1)  -5(1) 3(1)  -2(1) 
C(24) 15(1)  22(1) 13(1)  -1(1) 0(1)  0(1) 
C(25) 14(1)  17(1) 14(1)  0(1) 3(1)  1(1) 
C(26) 20(1)  16(1) 17(1)  3(1) 4(1)  -1(1) 
C(27) 22(1)  28(1) 26(1)  -5(1) 0(1)  -9(1) 
C(28) 27(1)  24(1) 12(1)  4(1) -3(1)  -7(1) 
 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for c28H32N2B2. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(1) 9458 6744 2194 22 
H(2) 11473 6090 1875 29 
H(3) 12773 7095 1219 36 
H(4) 11995 8724 876 32 
H(7) 11050 10370 756 31 
H(8) 9961 11960 701 37 
H(9) 7951 12182 1162 33 
H(10A) 5555 10340 1487 37 
H(10B) 5965 11471 1730 37 
H(10C) 6432 10574 2302 37 
H(13) 10325 9086 4347 17 
H(15) 6125 8683 3982 19 
H(17A) 11432 9550 3472 27 
H(17B) 10627 9691 2631 27 
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H(17C) 11225 8613 2921 27 
H(18A) 7479 8868 5249 28 
H(18B) 9120 9150 5384 28 
H(18C) 8633 8004 5267 28 
H(19A) 4985 8013 2635 28 
H(19B) 5372 8805 2063 28 
H(19C) 4778 9187 2754 28 
H(22) 5163 5817 1355 20 
H(24) 4705 7813 -295 20 
H(26A) 6213 6521 2626 26 
H(26B) 7712 7040 2653 26 
H(26C) 7408 5937 2318 26 
H(27A) 4016 5709 -381 39 
H(27B) 2819 6476 -255 39 
H(27C) 3280 5564 305 39 
H(28A) 6134 9043 -350 33 
H(28B) 7644 9092 205 33 
H(28C) 6348 9728 372 33 
________________________________________________________________________________  
 Table 6.  Torsion angles [°] for c28H32N2B2. 
________________________________________________________________  
C(6)-N(1)-B(1)-C(9) -1.18(16) 
B(2)-N(1)-B(1)-C(9) 177.31(10) 
C(6)-N(1)-B(1)-C(10) 177.17(11) 
B(2)-N(1)-B(1)-C(10) -4.34(19) 
C(6)-N(1)-B(2)-C(11) 120.06(10) 
B(1)-N(1)-B(2)-C(11) -58.52(14) 
C(6)-N(1)-B(2)-N(2) 4.78(11) 
B(1)-N(1)-B(2)-N(2) -173.80(11) 
C(6)-N(1)-B(2)-C(20) -101.59(11) 
B(1)-N(1)-B(2)-C(20) 79.83(14) 
C(1)-N(2)-B(2)-N(1) 177.58(10) 
C(5)-N(2)-B(2)-N(1) -6.98(11) 
C(1)-N(2)-B(2)-C(11) 64.34(14) 
C(5)-N(2)-B(2)-C(11) -120.22(10) 
C(1)-N(2)-B(2)-C(20) -63.23(13) 
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C(5)-N(2)-B(2)-C(20) 112.21(10) 
C(5)-N(2)-C(1)-C(2) 0.23(17) 
B(2)-N(2)-C(1)-C(2) 175.31(11) 
N(2)-C(1)-C(2)-C(3) 0.01(19) 
C(1)-C(2)-C(3)-C(4) -0.7(2) 
C(2)-C(3)-C(4)-C(5) 1.1(2) 
C(1)-N(2)-C(5)-C(4) 0.20(17) 
B(2)-N(2)-C(5)-C(4) -175.69(10) 
C(1)-N(2)-C(5)-C(6) -177.25(10) 
B(2)-N(2)-C(5)-C(6) 6.86(13) 
C(3)-C(4)-C(5)-N(2) -0.85(19) 
C(3)-C(4)-C(5)-C(6) 176.07(12) 
B(1)-N(1)-C(6)-C(7) -0.16(17) 
B(2)-N(1)-C(6)-C(7) -178.91(11) 
B(1)-N(1)-C(6)-C(5) 177.26(10) 
B(2)-N(1)-C(6)-C(5) -1.49(13) 
N(2)-C(5)-C(6)-C(7) 173.89(11) 
C(4)-C(5)-C(6)-C(7) -3.3(2) 
N(2)-C(5)-C(6)-N(1) -3.54(13) 
C(4)-C(5)-C(6)-N(1) 179.26(12) 
N(1)-C(6)-C(7)-C(8) 1.0(2) 
C(5)-C(6)-C(7)-C(8) -176.06(12) 
C(6)-C(7)-C(8)-C(9) -0.3(2) 
C(7)-C(8)-C(9)-B(1) -1.1(2) 
N(1)-B(1)-C(9)-C(8) 1.81(18) 
C(10)-B(1)-C(9)-C(8) -176.55(12) 
N(1)-B(2)-C(11)-C(16) 110.50(11) 
N(2)-B(2)-C(11)-C(16) -144.55(10) 
C(20)-B(2)-C(11)-C(16) -26.96(15) 
N(1)-B(2)-C(11)-C(12) -69.97(12) 
N(2)-B(2)-C(11)-C(12) 34.98(13) 
C(20)-B(2)-C(11)-C(12) 152.57(10) 
C(16)-C(11)-C(12)-C(13) 8.10(15) 
B(2)-C(11)-C(12)-C(13) -171.47(10) 
C(16)-C(11)-C(12)-C(17) -170.43(10) 
B(2)-C(11)-C(12)-C(17) 10.00(16) 
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C(11)-C(12)-C(13)-C(14) -1.54(17) 
C(17)-C(12)-C(13)-C(14) 177.12(10) 
C(12)-C(13)-C(14)-C(15) -5.27(16) 
C(12)-C(13)-C(14)-C(18) 173.59(10) 
C(13)-C(14)-C(15)-C(16) 5.23(17) 
C(18)-C(14)-C(15)-C(16) -173.60(10) 
C(14)-C(15)-C(16)-C(11) 1.60(17) 
C(14)-C(15)-C(16)-C(19) -178.86(11) 
C(12)-C(11)-C(16)-C(15) -8.13(15) 
B(2)-C(11)-C(16)-C(15) 171.42(10) 
C(12)-C(11)-C(16)-C(19) 172.38(10) 
B(2)-C(11)-C(16)-C(19) -8.07(17) 
N(1)-B(2)-C(20)-C(25) 8.10(14) 
C(11)-B(2)-C(20)-C(25) 142.27(10) 
N(2)-B(2)-C(20)-C(25) -95.06(11) 
N(1)-B(2)-C(20)-C(21) -177.01(9) 
C(11)-B(2)-C(20)-C(21) -42.84(14) 
N(2)-B(2)-C(20)-C(21) 79.83(11) 
C(25)-C(20)-C(21)-C(22) -2.38(15) 
B(2)-C(20)-C(21)-C(22) -177.64(9) 
C(25)-C(20)-C(21)-C(26) 177.98(10) 
B(2)-C(20)-C(21)-C(26) 2.72(16) 
C(20)-C(21)-C(22)-C(23) -1.11(16) 
C(26)-C(21)-C(22)-C(23) 178.58(10) 
C(21)-C(22)-C(23)-C(24) 2.25(16) 
C(21)-C(22)-C(23)-C(27) -179.04(11) 
C(22)-C(23)-C(24)-C(25) 0.20(17) 
C(27)-C(23)-C(24)-C(25) -178.52(11) 
C(23)-C(24)-C(25)-C(20) -3.82(17) 
C(23)-C(24)-C(25)-C(28) 173.16(11) 
C(21)-C(20)-C(25)-C(24) 4.73(15) 
B(2)-C(20)-C(25)-C(24) 179.85(10) 
C(21)-C(20)-C(25)-C(28) -171.90(11) 
B(2)-C(20)-C(25)-C(28) 3.23(17) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:   
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  Table 1.  Crystal data and structure refinement for sad. 
Identification code  C10H10B2F2N2 
Empirical formula  C10 H10 B2 F2 N2 
Formula weight  217.82 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Orthorhombic 
Space group  Pbca 
Unit cell dimensions a = 7.8910(9) Å = 90°. 
 b = 14.4611(17) Å = 90°. 
 c = 18.281(2) Å  = 90°. 
Volume 2086.1(4) Å3 
Z 8 
Density (calculated) 1.387 Mg/m3 
Absorption coefficient 0.106 mm-1 
F(000) 896 
Crystal size 0.480 x 0.330 x 0.200 mm3 
Theta range for data collection 2.817 to 28.285°. 
Index ranges -10<=h<=10, -17<=k<=19, -24<=l<=24 
Reflections collected 38221 
Independent reflections 2595 [R(int) = 0.0257] 
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Completeness to theta = 25.242° 99.9 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7457 and 0.7093 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2595 / 0 / 146 
Goodness-of-fit on F2 1.036 
Final R indices [I>2sigma(I)] R1 = 0.0344, wR2 = 0.0914 
R indices (all data) R1 = 0.0372, wR2 = 0.0940 
Extinction coefficient na 
Largest diff. peak and hole 0.358 and -0.223 e.Å-3 
 
 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for sad.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
F(1) 5758(1) 7243(1) 5315(1) 21(1) 
F(2) 8168(1) 7104(1) 5987(1) 22(1) 
N(1) 5836(1) 6036(1) 6260(1) 14(1) 
N(2) 7430(1) 5840(1) 5163(1) 15(1) 
B(1) 4905(1) 6330(1) 6893(1) 19(1) 
B(2) 6783(1) 6639(1) 5703(1) 16(1) 
C(1) 4127(1) 5550(1) 7345(1) 22(1) 
C(2) 4344(1) 4651(1) 7138(1) 22(1) 
C(3) 5291(1) 4417(1) 6501(1) 19(1) 
C(4) 5979(1) 5110(1) 6089(1) 14(1) 
C(5) 6944(1) 4998(1) 5408(1) 14(1) 
C(6) 7368(1) 4200(1) 5027(1) 19(1) 
C(7) 8292(1) 4294(1) 4384(1) 22(1) 
C(8) 8767(1) 5167(1) 4137(1) 23(1) 
C(9) 8323(1) 5936(1) 4543(1) 20(1) 
C(10) 4715(2) 7392(1) 7077(1) 33(1) 
 Table 3.   Bond lengths [Å] and angles [°] for  sad. 
_____________________________________________________  
F(1)-B(2)  1.3854(12) 
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F(2)-B(2)  1.3842(12) 
N(1)-C(4)  1.3794(12) 
N(1)-B(1)  1.4347(13) 
N(1)-B(2)  1.5355(13) 
N(2)-C(9)  1.3422(13) 
N(2)-C(5)  1.3522(12) 
N(2)-B(2)  1.6036(13) 
B(1)-C(1)  1.5275(15) 
B(1)-C(10)  1.5787(16) 
C(1)-C(2)  1.3654(16) 
C(1)-H(1)  0.9500 
C(2)-C(3)  1.4242(14) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.3657(13) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.4685(13) 
C(5)-C(6)  1.3888(13) 
C(6)-C(7)  1.3889(15) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.3929(16) 
C(7)-H(7)  0.9500 
C(8)-C(9)  1.3818(15) 
C(8)-H(8)  0.9500 
C(9)-H(9)  0.9500 
C(10)-H(10A)  0.9800 
C(10)-H(10B)  0.9800 
C(10)-H(10C)  0.9800 
 
C(4)-N(1)-B(1) 120.81(8) 
C(4)-N(1)-B(2) 111.20(8) 
B(1)-N(1)-B(2) 127.98(8) 
C(9)-N(2)-C(5) 121.49(8) 
C(9)-N(2)-B(2) 127.77(8) 
C(5)-N(2)-B(2) 110.74(8) 
N(1)-B(1)-C(1) 115.05(9) 
N(1)-B(1)-C(10) 120.60(9) 
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C(1)-B(1)-C(10) 124.34(9) 
F(2)-B(2)-F(1) 110.34(8) 
F(2)-B(2)-N(1) 114.26(8) 
F(1)-B(2)-N(1) 114.42(8) 
F(2)-B(2)-N(2) 109.25(8) 
F(1)-B(2)-N(2) 108.97(8) 
N(1)-B(2)-N(2) 98.84(7) 
C(2)-C(1)-B(1) 120.16(9) 
C(2)-C(1)-H(1) 119.9 
B(1)-C(1)-H(1) 119.9 
C(1)-C(2)-C(3) 121.26(9) 
C(1)-C(2)-H(2) 119.4 
C(3)-C(2)-H(2) 119.4 
C(4)-C(3)-C(2) 119.01(9) 
C(4)-C(3)-H(3) 120.5 
C(2)-C(3)-H(3) 120.5 
C(3)-C(4)-N(1) 123.69(9) 
C(3)-C(4)-C(5) 126.38(9) 
N(1)-C(4)-C(5) 109.93(8) 
N(2)-C(5)-C(6) 120.83(9) 
N(2)-C(5)-C(4) 109.24(8) 
C(6)-C(5)-C(4) 129.92(9) 
C(5)-C(6)-C(7) 118.05(9) 
C(5)-C(6)-H(6) 121.0 
C(7)-C(6)-H(6) 121.0 
C(6)-C(7)-C(8) 120.28(9) 
C(6)-C(7)-H(7) 119.9 
C(8)-C(7)-H(7) 119.9 
C(9)-C(8)-C(7) 119.12(9) 
C(9)-C(8)-H(8) 120.4 
C(7)-C(8)-H(8) 120.4 
N(2)-C(9)-C(8) 120.23(10) 
N(2)-C(9)-H(9) 119.9 
C(8)-C(9)-H(9) 119.9 
B(1)-C(10)-H(10A) 109.5 
B(1)-C(10)-H(10B) 109.5 
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H(10A)-C(10)-H(10B) 109.5 
B(1)-C(10)-H(10C) 109.5 
H(10A)-C(10)-H(10C) 109.5 
H(10B)-C(10)-H(10C) 109.5 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
 Table 4.   Anisotropic displacement parameters  (Å2x 103) for sad.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
F(1) 26(1)  15(1) 24(1)  4(1) -2(1)  3(1) 
F(2) 23(1)  19(1) 23(1)  -4(1) -2(1)  -7(1) 
N(1) 16(1)  13(1) 15(1)  0(1) -2(1)  0(1) 
N(2) 14(1)  16(1) 15(1)  -1(1) -2(1)  -1(1) 
B(1) 20(1)  21(1) 16(1)  -2(1) -1(1)  2(1) 
B(2) 19(1)  13(1) 16(1)  -1(1) 0(1)  -1(1) 
C(1) 20(1)  30(1) 15(1)  3(1) 2(1)  3(1) 
C(2) 21(1)  25(1) 21(1)  9(1) 1(1)  -1(1) 
C(3) 19(1)  16(1) 22(1)  4(1) -1(1)  0(1) 
C(4) 14(1)  14(1) 16(1)  0(1) -3(1)  1(1) 
C(5) 12(1)  15(1) 16(1)  0(1) -3(1)  1(1) 
C(6) 16(1)  17(1) 24(1)  -5(1) -4(1)  2(1) 
C(7) 17(1)  27(1) 23(1)  -11(1) -4(1)  5(1) 
C(8) 16(1)  36(1) 16(1)  -5(1) 0(1)  1(1) 
C(9) 17(1)  25(1) 16(1)  1(1) -1(1)  -3(1) 
C(10) 48(1)  23(1) 27(1)  -7(1) 10(1)  4(1) 
______________________________________________________________________________  
 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for sad. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(1) 3490 5691 7772 26 
H(2) 3855 4172 7424 27 
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H(3) 5441 3788 6365 23 
H(6) 7036 3608 5200 23 
H(7) 8602 3760 4113 27 
H(8) 9389 5233 3695 28 
H(9) 8651 6534 4382 23 
H(10A) 5574 7744 6808 49 
H(10B) 4869 7486 7603 49 
H(10C) 3584 7604 6933 49 
________________________________________________________________________________  
 Table 6.  Torsion angles [°] for sad. 
________________________________________________________________  
C(4)-N(1)-B(1)-C(1) 0.40(13) 
B(2)-N(1)-B(1)-C(1) -179.09(9) 
C(4)-N(1)-B(1)-C(10) -178.79(10) 
B(2)-N(1)-B(1)-C(10) 1.72(16) 
C(4)-N(1)-B(2)-F(2) -113.79(9) 
B(1)-N(1)-B(2)-F(2) 65.74(13) 
C(4)-N(1)-B(2)-F(1) 117.65(9) 
B(1)-N(1)-B(2)-F(1) -62.82(13) 
C(4)-N(1)-B(2)-N(2) 2.07(9) 
B(1)-N(1)-B(2)-N(2) -178.40(9) 
C(9)-N(2)-B(2)-F(2) -62.08(12) 
C(5)-N(2)-B(2)-F(2) 118.33(9) 
C(9)-N(2)-B(2)-F(1) 58.54(12) 
C(5)-N(2)-B(2)-F(1) -121.05(8) 
C(9)-N(2)-B(2)-N(1) 178.27(9) 
C(5)-N(2)-B(2)-N(1) -1.32(10) 
N(1)-B(1)-C(1)-C(2) 0.11(14) 
C(10)-B(1)-C(1)-C(2) 179.26(11) 
B(1)-C(1)-C(2)-C(3) -0.06(16) 
C(1)-C(2)-C(3)-C(4) -0.50(15) 
C(2)-C(3)-C(4)-N(1) 1.06(15) 
C(2)-C(3)-C(4)-C(5) -178.11(9) 
B(1)-N(1)-C(4)-C(3) -1.02(14) 
B(2)-N(1)-C(4)-C(3) 178.55(9) 
B(1)-N(1)-C(4)-C(5) 178.27(8) 
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B(2)-N(1)-C(4)-C(5) -2.16(11) 
C(9)-N(2)-C(5)-C(6) 0.51(14) 
B(2)-N(2)-C(5)-C(6) -179.87(8) 
C(9)-N(2)-C(5)-C(4) -179.43(8) 
B(2)-N(2)-C(5)-C(4) 0.19(10) 
C(3)-C(4)-C(5)-N(2) -179.51(9) 
N(1)-C(4)-C(5)-N(2) 1.22(11) 
C(3)-C(4)-C(5)-C(6) 0.56(17) 
N(1)-C(4)-C(5)-C(6) -178.71(9) 
N(2)-C(5)-C(6)-C(7) -0.49(14) 
C(4)-C(5)-C(6)-C(7) 179.43(9) 
C(5)-C(6)-C(7)-C(8) -0.12(15) 
C(6)-C(7)-C(8)-C(9) 0.70(15) 
C(5)-N(2)-C(9)-C(8) 0.10(14) 
B(2)-N(2)-C(9)-C(8) -179.45(9) 
C(7)-C(8)-C(9)-N(2) -0.70(15) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:   
 
 
 
  Table 1.  Crystal data and structure refinement for C23H25BN2o2Pt. 
Identification code  C23H25BN2O2Pt 
Empirical formula  C23 H25 B N2 O2 Pt 
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Formula weight  567.35 
Temperature  100(2) K 
Wavelength  1.54178 Å 
Crystal system  Monoclinic 
Space group  P21/n 
Unit cell dimensions a = 14.1861(9) Å = 90°. 
 b = 7.2816(4) Å = 104.493(3)°. 
 c = 20.7123(12) Å  = 90°. 
Volume 2071.4(2) Å3 
Z 4 
Density (calculated) 1.819 Mg/m3 
Absorption coefficient 12.837 mm-1 
F(000) 1104 
Crystal size 0.380 x 0.060 x 0.008 mm3 
Theta range for data collection 4.333 to 66.751°. 
Index ranges -16<=h<=16, -8<=k<=8, -24<=l<=24 
Reflections collected 24433 
Independent reflections 3658 [R(int) = 0.0447] 
Completeness to theta = 66.751° 99.6 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7528 and 0.5935 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 3658 / 0 / 271 
Goodness-of-fit on F2 1.107 
Final R indices [I>2sigma(I)] R1 = 0.0322, wR2 = 0.0810 
R indices (all data) R1 = 0.0345, wR2 = 0.0822 
Extinction coefficient n/a 
Largest diff. peak and hole 2.939 and -0.997 e.Å-3 
 
 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for C23H25BN2o2Pt.  U(eq) is defined as one third of  the trace of the orthogonalized U ij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
Pt(1) 6232(1) 1795(1) 6212(1) 24(1) 
O(2) 5250(3) -229(5) 6079(2) 29(1) 
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O(1) 7049(3) 417(5) 5657(2) 28(1) 
N(1) 7159(3) 3929(6) 6411(2) 25(1) 
N(2) 5612(3) 6117(6) 7364(2) 26(1) 
B(1) 4741(4) 5764(8) 7559(3) 29(1) 
C(1) 5526(4) 3334(6) 6725(2) 25(1) 
C(2) 4609(4) 2941(8) 6867(3) 34(1) 
C(3) 4219(4) 4036(8) 7259(3) 35(1) 
C(4) 5990(3) 4946(7) 6961(2) 23(1) 
C(5) 6884(4) 5317(7) 6778(2) 25(1) 
C(6) 7480(4) 6847(7) 6939(3) 27(1) 
C(7) 8345(4) 6930(7) 6739(3) 29(1) 
C(8) 8592(4) 5502(7) 6377(2) 30(1) 
C(9) 7976(4) 4035(7) 6214(2) 27(1) 
C(10) 4392(4) 7156(7) 8049(3) 28(1) 
C(11) 3786(4) 8637(7) 7795(3) 28(1) 
C(12) 3494(4) 9861(8) 8219(3) 31(1) 
C(13) 3766(4) 9630(8) 8911(3) 31(1) 
C(14) 4343(4) 8129(8) 9159(3) 32(1) 
C(15) 4658(4) 6892(7) 8746(3) 31(1) 
C(16) 3434(4) 8879(8) 7049(3) 36(1) 
C(17) 3424(4) 10976(8) 9364(3) 38(1) 
C(18) 5270(4) 5255(8) 9046(3) 39(1) 
C(19) 6741(4) -1023(8) 5309(2) 31(1) 
C(20) 5899(4) -1983(7) 5314(3) 32(1) 
C(21) 5223(4) -1590(7) 5677(3) 29(1) 
C(22) 7374(5) -1654(8) 4867(3) 38(1) 
C(23) 4365(4) -2846(8) 5621(3) 32(1) 
________________________________________________________________________________  
 Table 3.   Bond lengths [Å] and angles [°] for  C23H25BN2o2Pt. 
_____________________________________________________  
Pt(1)-C(1)  1.979(5) 
Pt(1)-O(2)  1.998(3) 
Pt(1)-N(1)  2.011(4) 
Pt(1)-O(1)  2.083(3) 
O(2)-C(21)  1.288(6) 
O(1)-C(19)  1.285(7) 
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N(1)-C(9)  1.324(6) 
N(1)-C(5)  1.378(7) 
N(2)-C(4)  1.392(6) 
N(2)-B(1)  1.416(7) 
N(2)-H(2N)  0.84(5) 
B(1)-C(3)  1.513(8) 
B(1)-C(10)  1.598(8) 
C(1)-C(4)  1.375(7) 
C(1)-C(2)  1.433(7) 
C(2)-C(3)  1.351(8) 
C(2)-H(2)  0.9500 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.437(7) 
C(5)-C(6)  1.387(7) 
C(6)-C(7)  1.391(8) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.378(7) 
C(7)-H(7)  0.9500 
C(8)-C(9)  1.368(7) 
C(8)-H(8)  0.9500 
C(9)-H(9)  0.9500 
C(10)-C(11)  1.397(8) 
C(10)-C(15)  1.411(8) 
C(11)-C(12)  1.387(8) 
C(11)-C(16)  1.509(7) 
C(12)-C(13)  1.398(7) 
C(12)-H(12)  0.9500 
C(13)-C(14)  1.384(8) 
C(13)-C(17)  1.517(8) 
C(14)-C(15)  1.390(7) 
C(14)-H(14)  0.9500 
C(15)-C(18)  1.512(7) 
C(16)-H(16A)  0.9800 
C(16)-H(16B)  0.9800 
C(16)-H(16C)  0.9800 
C(17)-H(17A)  0.9800 
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C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-H(18A)  0.9800 
C(18)-H(18B)  0.9800 
C(18)-H(18C)  0.9800 
C(19)-C(20)  1.387(8) 
C(19)-C(22)  1.506(8) 
C(20)-C(21)  1.388(8) 
C(20)-H(20)  0.9500 
C(21)-C(23)  1.503(8) 
C(22)-H(22A)  0.9800 
C(22)-H(22B)  0.9800 
C(22)-H(22C)  0.9800 
C(23)-H(23A)  0.9800 
C(23)-H(23B)  0.9800 
C(23)-H(23C)  0.9800 
 
C(1)-Pt(1)-O(2) 93.63(18) 
C(1)-Pt(1)-N(1) 81.13(19) 
O(2)-Pt(1)-N(1) 174.62(15) 
C(1)-Pt(1)-O(1) 174.16(17) 
O(2)-Pt(1)-O(1) 91.90(14) 
N(1)-Pt(1)-O(1) 93.39(16) 
C(21)-O(2)-Pt(1) 124.3(3) 
C(19)-O(1)-Pt(1) 123.0(3) 
C(9)-N(1)-C(5) 121.2(4) 
C(9)-N(1)-Pt(1) 124.1(4) 
C(5)-N(1)-Pt(1) 114.7(3) 
C(4)-N(2)-B(1) 123.7(5) 
C(4)-N(2)-H(2N) 113(4) 
B(1)-N(2)-H(2N) 123(4) 
N(2)-B(1)-C(3) 114.0(5) 
N(2)-B(1)-C(10) 119.8(5) 
C(3)-B(1)-C(10) 126.2(5) 
C(4)-C(1)-C(2) 118.4(5) 
C(4)-C(1)-Pt(1) 114.4(4) 
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C(2)-C(1)-Pt(1) 127.2(4) 
C(3)-C(2)-C(1) 122.3(5) 
C(3)-C(2)-H(2) 118.8 
C(1)-C(2)-H(2) 118.8 
C(2)-C(3)-B(1) 120.4(5) 
C(2)-C(3)-H(3) 119.8 
B(1)-C(3)-H(3) 119.8 
C(1)-C(4)-N(2) 120.9(5) 
C(1)-C(4)-C(5) 116.3(4) 
N(2)-C(4)-C(5) 122.8(4) 
N(1)-C(5)-C(6) 118.8(4) 
N(1)-C(5)-C(4) 113.4(4) 
C(6)-C(5)-C(4) 127.7(5) 
C(5)-C(6)-C(7) 119.5(5) 
C(5)-C(6)-H(6) 120.3 
C(7)-C(6)-H(6) 120.3 
C(8)-C(7)-C(6) 119.6(5) 
C(8)-C(7)-H(7) 120.2 
C(6)-C(7)-H(7) 120.2 
C(9)-C(8)-C(7) 119.3(5) 
C(9)-C(8)-H(8) 120.3 
C(7)-C(8)-H(8) 120.3 
N(1)-C(9)-C(8) 121.6(5) 
N(1)-C(9)-H(9) 119.2 
C(8)-C(9)-H(9) 119.2 
C(11)-C(10)-C(15) 118.2(5) 
C(11)-C(10)-B(1) 120.6(5) 
C(15)-C(10)-B(1) 121.1(5) 
C(12)-C(11)-C(10) 120.7(5) 
C(12)-C(11)-C(16) 119.9(5) 
C(10)-C(11)-C(16) 119.4(5) 
C(11)-C(12)-C(13) 121.5(5) 
C(11)-C(12)-H(12) 119.2 
C(13)-C(12)-H(12) 119.2 
C(14)-C(13)-C(12) 117.4(5) 
C(14)-C(13)-C(17) 122.2(5) 
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C(12)-C(13)-C(17) 120.4(5) 
C(13)-C(14)-C(15) 122.4(5) 
C(13)-C(14)-H(14) 118.8 
C(15)-C(14)-H(14) 118.8 
C(14)-C(15)-C(10) 119.7(5) 
C(14)-C(15)-C(18) 119.9(5) 
C(10)-C(15)-C(18) 120.4(5) 
C(11)-C(16)-H(16A) 109.5 
C(11)-C(16)-H(16B) 109.5 
H(16A)-C(16)-H(16B) 109.5 
C(11)-C(16)-H(16C) 109.5 
H(16A)-C(16)-H(16C) 109.5 
H(16B)-C(16)-H(16C) 109.5 
C(13)-C(17)-H(17A) 109.5 
C(13)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
C(13)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
C(15)-C(18)-H(18A) 109.5 
C(15)-C(18)-H(18B) 109.5 
H(18A)-C(18)-H(18B) 109.5 
C(15)-C(18)-H(18C) 109.5 
H(18A)-C(18)-H(18C) 109.5 
H(18B)-C(18)-H(18C) 109.5 
O(1)-C(19)-C(20) 125.4(5) 
O(1)-C(19)-C(22) 114.8(5) 
C(20)-C(19)-C(22) 119.8(5) 
C(19)-C(20)-C(21) 127.8(5) 
C(19)-C(20)-H(20) 116.1 
C(21)-C(20)-H(20) 116.1 
O(2)-C(21)-C(20) 126.5(5) 
O(2)-C(21)-C(23) 114.3(5) 
C(20)-C(21)-C(23) 119.2(5) 
C(19)-C(22)-H(22A) 109.5 
C(19)-C(22)-H(22B) 109.5 
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H(22A)-C(22)-H(22B) 109.5 
C(19)-C(22)-H(22C) 109.5 
H(22A)-C(22)-H(22C) 109.5 
H(22B)-C(22)-H(22C) 109.5 
C(21)-C(23)-H(23A) 109.5 
C(21)-C(23)-H(23B) 109.5 
H(23A)-C(23)-H(23B) 109.5 
C(21)-C(23)-H(23C) 109.5 
H(23A)-C(23)-H(23C) 109.5 
H(23B)-C(23)-H(23C) 109.5 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
 Table 4.   Anisotropic displacement parameters  (Å2x 103) for C23H25BN2o2Pt.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
Pt(1) 31(1)  17(1) 23(1)  -2(1) 7(1)  -1(1) 
O(2) 42(2)  17(2) 28(2)  -4(1) 10(2)  -13(2) 
O(1) 36(2)  23(2) 30(2)  -5(2) 13(2)  6(2) 
N(1) 30(2)  18(2) 26(2)  -4(2) 4(2)  -7(2) 
N(2) 30(2)  20(2) 28(2)  -5(2) 9(2)  -4(2) 
B(1) 32(3)  24(3) 33(3)  1(2) 11(2)  -1(2) 
C(1) 30(3)  21(3) 26(2)  -4(2) 8(2)  4(2) 
C(2) 33(3)  26(3) 44(3)  -6(2) 9(2)  -8(2) 
C(3) 30(3)  28(3) 50(3)  -2(2) 18(2)  -2(2) 
C(4) 28(2)  19(2) 22(2)  1(2) 4(2)  0(2) 
C(5) 32(3)  24(2) 18(2)  3(2) 7(2)  -1(2) 
C(6) 32(3)  27(3) 24(2)  -4(2) 10(2)  -5(2) 
C(7) 31(3)  28(3) 30(3)  -4(2) 10(2)  -11(2) 
C(8) 35(3)  29(3) 31(3)  -1(2) 15(2)  -3(2) 
C(9) 30(3)  26(3) 30(2)  0(2) 14(2)  2(2) 
C(10) 27(2)  25(3) 35(3)  -4(2) 15(2)  -7(2) 
C(11) 27(2)  26(3) 34(3)  -2(2) 11(2)  -6(2) 
C(12) 28(3)  27(3) 38(3)  1(2) 9(2)  0(2) 
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C(13) 27(3)  31(3) 40(3)  -1(2) 16(2)  -5(2) 
C(14) 29(3)  38(3) 32(3)  1(2) 14(2)  1(2) 
C(15) 27(3)  27(3) 40(3)  1(2) 16(2)  1(2) 
C(16) 41(3)  30(3) 35(3)  -2(2) 10(2)  -6(3) 
C(17) 42(3)  36(3) 41(3)  -1(3) 19(3)  5(3) 
C(18) 44(3)  36(3) 43(3)  5(3) 19(3)  8(3) 
C(19) 42(3)  27(3) 24(2)  0(2) 5(2)  10(2) 
C(20) 46(3)  21(3) 26(3)  -5(2) 5(2)  5(2) 
C(21) 43(3)  16(2) 25(2)  2(2) 3(2)  -1(2) 
C(22) 47(3)  30(3) 37(3)  -10(2) 12(3)  4(2) 
C(23) 41(3)  24(3) 31(3)  -5(2) 4(2)  -2(2) 
______________________________________________________________________________  
 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for C23H25BN2o2Pt. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(2N) 5950(40) 7060(70) 7480(20) 13(12) 
H(2) 4262 1872 6679 41 
H(3) 3614 3718 7347 42 
H(6) 7298 7831 7184 32 
H(7) 8762 7963 6852 34 
H(8) 9184 5536 6242 36 
H(9) 8139 3069 5952 33 
H(12) 3100 10882 8036 37 
H(14) 4531 7939 9627 38 
H(16A) 2979 9913 6952 53 
H(16B) 3104 7757 6850 53 
H(16C) 3991 9125 6862 53 
H(17A) 3601 12227 9265 57 
H(17B) 3735 10682 9830 57 
H(17C) 2715 10888 9288 57 
H(18A) 5399 5305 9533 59 
H(18B) 5887 5279 8915 59 
H(18C) 4918 4121 8883 59 
292
H(20) 5768 -3036 5035 38 
H(22A) 7470 -637 4580 57 
H(22B) 7057 -2680 4590 57 
H(22C) 8006 -2055 5143 57 
H(23A) 4487 -3666 6008 49 
H(23B) 4269 -3577 5212 49 
H(23C) 3781 -2113 5605 49 
________________________________________________________________________________  
 Table 6.  Torsion angles [°] for C23H25BN2o2Pt. 
________________________________________________________________  
C(4)-N(2)-B(1)-C(3) -3.2(7) 
C(4)-N(2)-B(1)-C(10) 177.4(4) 
C(4)-C(1)-C(2)-C(3) -4.4(8) 
Pt(1)-C(1)-C(2)-C(3) 175.6(4) 
C(1)-C(2)-C(3)-B(1) 0.9(9) 
N(2)-B(1)-C(3)-C(2) 2.7(8) 
C(10)-B(1)-C(3)-C(2) -177.9(5) 
C(2)-C(1)-C(4)-N(2) 3.9(7) 
Pt(1)-C(1)-C(4)-N(2) -176.1(3) 
C(2)-C(1)-C(4)-C(5) -177.1(5) 
Pt(1)-C(1)-C(4)-C(5) 2.9(6) 
B(1)-N(2)-C(4)-C(1) -0.1(7) 
B(1)-N(2)-C(4)-C(5) -178.9(5) 
C(9)-N(1)-C(5)-C(6) 0.1(7) 
Pt(1)-N(1)-C(5)-C(6) 180.0(4) 
C(9)-N(1)-C(5)-C(4) -178.6(4) 
Pt(1)-N(1)-C(5)-C(4) 1.3(5) 
C(1)-C(4)-C(5)-N(1) -2.7(6) 
N(2)-C(4)-C(5)-N(1) 176.2(4) 
C(1)-C(4)-C(5)-C(6) 178.7(5) 
N(2)-C(4)-C(5)-C(6) -2.4(8) 
N(1)-C(5)-C(6)-C(7) -1.3(7) 
C(4)-C(5)-C(6)-C(7) 177.2(5) 
C(5)-C(6)-C(7)-C(8) 0.8(8) 
C(6)-C(7)-C(8)-C(9) 0.7(8) 
C(5)-N(1)-C(9)-C(8) 1.5(7) 
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Pt(1)-N(1)-C(9)-C(8) -178.4(4) 
C(7)-C(8)-C(9)-N(1) -1.9(8) 
N(2)-B(1)-C(10)-C(11) 89.7(6) 
C(3)-B(1)-C(10)-C(11) -89.6(7) 
N(2)-B(1)-C(10)-C(15) -92.3(6) 
C(3)-B(1)-C(10)-C(15) 88.4(7) 
C(15)-C(10)-C(11)-C(12) 3.0(7) 
B(1)-C(10)-C(11)-C(12) -179.0(5) 
C(15)-C(10)-C(11)-C(16) -175.9(5) 
B(1)-C(10)-C(11)-C(16) 2.1(7) 
C(10)-C(11)-C(12)-C(13) -2.1(8) 
C(16)-C(11)-C(12)-C(13) 176.8(5) 
C(11)-C(12)-C(13)-C(14) 0.2(8) 
C(11)-C(12)-C(13)-C(17) -179.1(5) 
C(12)-C(13)-C(14)-C(15) 0.7(8) 
C(17)-C(13)-C(14)-C(15) 180.0(5) 
C(13)-C(14)-C(15)-C(10) 0.3(8) 
C(13)-C(14)-C(15)-C(18) -178.6(5) 
C(11)-C(10)-C(15)-C(14) -2.1(8) 
B(1)-C(10)-C(15)-C(14) 179.9(5) 
C(11)-C(10)-C(15)-C(18) 176.8(5) 
B(1)-C(10)-C(15)-C(18) -1.2(8) 
Pt(1)-O(1)-C(19)-C(20) -8.2(7) 
Pt(1)-O(1)-C(19)-C(22) 171.5(3) 
O(1)-C(19)-C(20)-C(21) 0.9(9) 
C(22)-C(19)-C(20)-C(21) -178.8(5) 
Pt(1)-O(2)-C(21)-C(20) 5.7(7) 
Pt(1)-O(2)-C(21)-C(23) -175.0(3) 
C(19)-C(20)-C(21)-O(2) 0.7(9) 
C(19)-C(20)-C(21)-C(23) -178.6(5) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
 
 2.5.4 Spectral Library 
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 Chapter 3 
Synthesis of a Regioregular Polymer from Azaborine Building Blocks 
3.1 Introduction 
 1,2-Azaborines (hereafter referred to as azaborines) are a unique class of 
heteroaromatic compounds related to their carbonaceous arene congeners by replacement 
of a CC double bond with a BN single bond.1 Oligomers and polymers that contain 
benzene as a core building block, such as poly(p-phenylene), substituted poly(p-
phenylene)s, and bridged poly(p-phenylene)s and poly(fluorenes)s (Figure 3.1) have been 
widely studied2 for applications in devices such as light-emitting diodes (LEDs),3 field-
effect transistors (FETs)4 and solar cells.5  
 
 
A coplanar arrangement of neighboring benzene rings in oligomers and polymers 
facilitates orbital alignment necessary for conjugation that results in favorable materials 
properties including efficient absorption and emission of radiation in the visible region of 
                                                          
1 For an overview, see: (a) Fritsch, A. J.; Chem. Heterocycl. Compd. 1977, 30, 381-440; (b) Abbey, E. R.; 
Liu, S.-Y. Org. Biomol. Chem. 2013, 11, 2060-2069; (c) Liu, Z.; Marder, T. B. Angew. Chem. Int. Ed. 
2008, 47, 242-244; (d) Campbell, P. G.; Marwitz, A. J. V.; Liu, S.-Y. Angew. Chem. Int. Ed. 2012, 51, 
6074-6092. 
2 (a) Scherf, U.; List, Em. J. W. Adv. Mater. 2002, 14, 477-487; (b) Grimsdale, A. C.; Mullen, K. 
Macromol. Rapid Commun. 2007, 28, 1676-1702. 
3 Kraft, A.; Grimsdale, A. C.; Holmes, A. B. Angew. Chem. Int. Ed. 1998, 37, 402-428. 
4 Dimitrakopoulos, C. D.; Malenfant, P. R. L. Adv. Mater. 2002, 14, 99-117. 
5 (a) Brabec, C. J.; Sariciftci, N. S.; Hummelen, J. C. Adv. Funct. Mater. 2001, 11, 15-26; (b) Cheng, Y.-J.; 
Yang, S.-H.; Hsu, C.-S. Chem. Rev. 2009, 109, 5868-5923. 
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the electromagnetic spectrum. Adding solubilizing substituents to unbridged poly(p-
phenylene) allows solution processing of the material,6 but often promotes unfavorable 
non-planar orientations of neighboring rings due to steric interactions between side 
groups.7 A strategy of choice to promote extended conjugation is to bridge neighboring 
phenyl groups with single- or multiple-atom linkers that enforce co-planarity and 
promote solubility. 
BN/CC isosterism of poly(p-phenylene)-based materials represents a relatively 
unexplored strategy to access materials with potential applications in materials science. 
The incorporation of main-group elements into the backbone of conjugated polymers has 
been studied during similarly motivated efforts to develop novel heterocyclic polymers 
and study their properties. Thiophenes8 and pyrroles9 are the most prominent examples of 
heterocyclic polymer building blocks, although other studies have explored the synthesis 
and properties of oligomers and polymers based on selenophenes,10 tellurophenes,11 
boroles,12 phospholes,13 siloles,14 and stannoles.15  
The optoelectronic and conductive properties of polythiophene have been closely 
linked to the oxidation state of the sulfur atom, and therefore to the aromaticity of the 
                                                          
6 Schluter, A. D.; Wegner, G. Acta Polym. 1993, 44, 59-69. 
7 Park, K. C.; Dodd, L. R.; Levon, K.; Kwei, T. K. Macromolecules 1996, 29, 7149-7154. 
8 (a) Roncali, J. Chem. Rev. 1992, 92, 711-738; (b) McCullough, R. D. Adv. Mater. 1998, 10, 93-116; (c) 
Schwab, P. F. H.; Smith, J. R.; Michl, J. Chem. Rev. 2005, 105, 1197-1279. 
9 (a) Vernitskaya, T. V.; Efimov, O. N. Russian Chemical Reviews 1997, 66, 443-457; (b) Maksymiuk, K. 
Electroanalysis 2006, 18, 1537-1551. 
10 (a) He, X.; Baumgartner, T. RSC Advances 2013, 3, 11334-11350; (b) He, G.; Kang, L.; Delgado, W. T.; 
Shynkaruk, O.; Ferguson, M. J.; McDonald, R.; Rivard, E. J. Am. Chem. Soc. 2013, 135, 5360-5363. 
11 Jahnke, A. A.; Djukic, B.; McCormick, T. M.; Domingo, E. B.; Hellmann, C.; Lee, Y.; Seferos, D. S. J. 
Am. Chem. Soc. 2013, 135, 951-954. 
12 Yamaguchi, S.; Shirasaka, T.; Akiyama, S.; Tamao, K. J. Am. Chem. Soc. 2002, 124, 8816-8817. 
13 Baumgartner, T.; Reau, R. Chem. Rev. 2006, 106, 4681-4727. 
14 (a) Yamaguchi, S.; Jin, R.-Z.; Itami, Y.; Goto, T.; Tamao, K. J. Am. Chem. Soc. 1999, 121, 10420-10421; 
(b) Zhan, X.; Barlow, S.; Marder, S. R. Chem. Commun. 2009, 1948-1955. 
15 Linshoeft, J.; Baum, E. J.; Hussain, A.; Gates, P. J.; Nather, C.; Staubitz, A. Angew. Chem. Int. Ed. 2014, 
53, 12916-12920. 
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heterocycle.16 When a thiophene ring is oxidized to contain an SO2 moiety, the effective 
conjugation length of the corresponding oligomer or polymer increases due to the diene-
like nature of carbon backbone of the oxidized 5-membered ring compared to the 
aromatic, delocalized thiophene ring (Figure 3.2).  
 
 
We have recently predicted computationally that substituted azaborine 3.6 is less 
aromatic than thiophene by comparing the predicted ring stabilization energies of the 
heterocycles (Table 3.1).17  These results suggested that C3,C6-linked azaborines may 
serve as suitable building blocks for highly conjugated oligomers and polymers due to the 
reduced aromatic character of the heterocycle and predicted diene-like character of the 
carbon backbone, and inspired our efforts to design oligomers and a polymer of repeating 
azaborine units (Figure 3.3).  
 
 
                                                          
16 (a) Busby, E.; Xia, J.; Wu, Q.; Low, J. Z.; Song, R.; Miller, J. R.; Zhu, X.-Y.; Campos, L. M.; Sfeir, M. 
Y. Nat. Mater. 2015, 14, 426-433; (b) Dell, E. J.; Capozzi, B.; Xia, J.; Venkataraman, L.; Campos, L. M. 
Nat. Chem. 2015, 7, 209-214. 
17 Burford, R. J.; Li, B.; Vasiliu, M.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. Ed. 2015, 54, 7823-7827. 
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3.2 Background 
3.2.1 Azaborines as Building Blocks of Conjugated Oligomers and Polymers 
 Despite the relatively large number of reports describing extended aromatic 
systems including azaborine units as key structural features,18 reports describing the study 
of azaborines as building blocks of conjugated oligomers or polymers remain scarce. 
Piers and coworkers reported the synthesis and characterization of several azaborine-
containing conjugated dimers in 2007.19 Beginning with a 2:3 mixture of 4,4’-
bi(boracyclohexa-2,5-diene) 3.7 : 2,2’-bi(boracyclohexa-3,5-diene) 3.8,20 conversion to 
3.10 and 3.11, respectively, was achieved in good yield (Scheme 3.1, eq. 1). 3.10 and 
3.11 were able to be separated via chromatography using alumina gel. Treatment of the 
same mixture of 3.7 and 3.8 with diyne 3.12 only resulted in conversion of 3.7 to the 
corresponding product 3.13 in excellent yield (Scheme 3.1, eq. 2). This diyne product 
                                                          
18 For a review, see section 1.2.3.3 
19 Jaska, C. A.; Piers, W. E.; McDonald, R.; Parvez, M. J. Org. Chem. 2007, 72, 5234-5243. 
20 Jaska, C. A.; Emslie, D. J. H.; Bosdet, M. J. D.; Piers, W. E.; Sorensen, T. S.; Parvez, M. J. Am. Chem. 
Soc. 2006, 128, 10885-10896. 
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underwent a further platinum catalyzed reaction to form the bis-BN-pyrene compound 
3.14 in good yield.  
 
 
All of the new compounds exhibited fluorescence well into the visible region and 
showed bathochromically shifted emission maxima compared to unsubstituted p-
quaterphenyl 3.1621 (Table 3.2).22 Importantly, BN-pyrene dimer 3.14 exhibited a 
                                                          
21 Jurgensen, A.; Inman, E. L., Jr.; Winefordner, J. D. Anal. Chim. Acta 1981, 131, 187-191. 
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bathochromic shift in its peak emission over that of the monomeric BN-pyrene 3.15, 
suggesting that electronic communication occurs between the rings and that further 
oligomers or polymers could exhibit emission spectra shifted even further into the 
red/near IR. 
 
 
 Yamaguchi and coworkers made an important discovery in 2010 that further 
demonstrated the potential for azaborines to serve as building blocks of conjugated 
materials. The authors compared the optoelectronic properties of 3.1723 with its near-
carbonaceous analog 3.18, and observed significant bathochromic shifts in both the 
absorption and emission maxima (Table 3.3). The authors suggested that the difference in 
the photophysical properties of the two compounds arises from the lower aromatic 
character of the azaborine in comparison to its analogous phenyl ring. Computational 
results supported this hypothesis: the predicted HOMO and LUMO levels of the 
                                                                                                                                                                             
22 The optoelectronic properties of the direct carbonaceous isosteres of the new BN-compounds were not 
found in the literature. 
23 Taniguchi, T.; Yamaguchi, S. Organometallics, 2010, 29, 5732-5735. For a discussion of the synthesis of 
this compound, please see section 2.1 
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azaborine 3.17 more closely resembled those of the theoretical diene species 3.19 than 
those of aromatic 3.18 (Table 3.3). Cyclic voltammetry experiments revealed a less 
positive peak oxidation potential for azaborine 3.17 than for 3.18 as well, consistent with 
3.17 having a higher HOMO energy level. In concert with predicted LUMO energy 
levels, a smaller band gap and consequently a lower energy absorption maximum were 
revealed for 3.17 vs. 3.18. Finally, the authors noted that an X-Ray structure of 3.17 
showed a lower degree of bond length homogenization than X-Ray structures of known 
non-conjugated azaborines.24 Taken together, these data support the authors’ claim that in 
a C3,C6-conjugated system the azaborine behaves as a cyclic butadiene moiety rather 
than as a discrete aromatic ring, and as a consequence facilitates greater conjugation 
between the C3- and C6-substituents than does the more aromatic phenyl ring in 3.18. 
 
 
                                                          
24 Abbey, E. R.; Zakharov, L. N.; Liu, S.-Y. J. Am. Chem. Soc. 2008, 130, 7250-7252. 
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 Perepichka and coworkers investigated the reactivity of the azaborine-fused 
oligothiophene 3.2025 under oxidative electropolymerization conditions.26 The authors 
found that an initial oxidation event causes expulsion of one boron atom and transfer of 
the B-phenyl group to a thiophene moiety to generate 3.21 (Scheme 1). Further oxidation 
leads to an expected oxidative coupling between two units of 3.21 to generate the dimeric 
structure 3.22. Under strongly oxidizing conditions the remaining boron can be 
eliminated from the molecule to yield a low band gap polythiophene. The authors note 
that this strategy could potentially be developed into a general method used to generate 
other low band gap polymers or oligomers.  
 
 
Finally, our group reported the synthesis and characterization of BN-doped-
Tolans 3.24 and 3.25, which exhibit significantly red-shifted emission maxima compared 
to their all-carbon analog, Tolan 3.23 (Figure 3.4). An X-Ray structure of bis-BN-Tolan 
revealed a distinct N-H…π bonding between pairs of BN-Tolan molecules involving the 
π electrons of the triple bond and one of the N-H bonds of the neighboring molecule.  
 
 
 
 
                                                          
25 Lepeltier, M.; Lukoyanova, O.; Jacobson, A.; Jeeva, S.; Perepichka, D. F. Chem. Commun. 2010, 46, 
7007-7009. 
26 Lukoyanova, O.; Lepeltier, M.; Laferriere, M.; Perepichka, D. F. Macromolecules 2011, 44, 4729-4734. 
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3.2.2 Boron-Containing Luminescent Conjugated Oligomers and Polymers 
 Incorporation of boron into the backbone of π–conjugated materials has been 
established as a highly useful strategy to prepare materials with strong 
photoluminescence, electroluminescence, and n-type semiconductivity.27 Trigonal planar 
boron acts as a strong π–acceptor for adjacent π–systems or heteroatoms, promoting 
extension of π–conjugation and granting favorable properties to materials as described 
above.28 Materials based around these Lewis-acidic boron atoms can dramatically change 
their photophysical properties in the presence of anions and neutral nucleophiles that can 
bind to boron, enabling the use of these materials in sensing applications. Tetrahedral 
boron centers functioning as chromophores are also widely found in the backbone of 
oligomers and polymers that are used in devices such as OLEDs. Since the time of the 
reviews authored by Jäkle, Chujo, and Ziessel,27 a great number of new luminescent 
materials featuring either trigonal planar or tetrahedral boron atoms incorporated into the 
                                                          
27 (a) Jakle, F. Chem. Rev. 2010, 110, 3985-4022; (b) Tanaka, K.; Chujo, Y. Macromol. Rapid Commun. 
2012, 33, 1235-1255; (c) Frath, D.; Massue, J.; Ulrich, G.; Ziessel, R. Angew. Chem. Int. Ed. 2014, 53, 
2290-2310. 
28 Weber, L.; Bohling, L. Coord. Chem. Rev. 2015, 284, 236-275. 
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conjugated oligomer or polymer backbones have been synthesized and studied for their 
favorable photophysical properties and device applications. 
3.2.2.1 Recent Examples Studying Trigonal Planar Boron in Luminescent Materials 
 Jäkle and coworkers have contributed several recent reports describing the use of 
trigonal planar boron as a key structural element in conjugated materials. Marder, Jäkle 
and coworkers reported the synthesis and characterization of highly electron-deficient, 
air-stable conjugated thienylboranes featuring the FMes boron protecting group as a key 
design element (Figure 3.5).29 The report featured extensive photophysical 
characterization of both the single boron atom-containing 3.26 and the dimeric structure 
3.27. The authors found that the bulky FMes group actually facilitated a highly planar 
structure of the molecules as evidenced by X-Ray structures, and rendered 3.26 and 3.27 
inert to moisture and air. The red-shifted absorption maximum for 3.27 compared to that 
of 3.26 is consistent with a highly planar structural arrangement that facilitates extended 
conjugation in 3.27. In addition to providing excellent stability, the FMes groups also 
impart high Lewis acidity to the boron centers. These observations suggest that 3.26 and 
3.27 may be suitable to serve as electron-deficient building blocks in materials designed 
for sensing or organic electronics applications. 
 
 
 
 
 
 
                                                          
29 Yin, X.; Chen, J.; Lalancette, R. A.; Marder, T. B.; Jakle, F. Angew. Chem. Int. Ed. 2014, 53, 9761-9765. 
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 A subsequent report from Jäkle and coworkers covered the synthesis and 
characterization of the ambipolar boron-containing conjugated macrocycle 3.28 (Figure 
3.6).30 The predicted ambipolar nature of 3.28 was consistent with the observation of a 
solvatochromic effect of its emission spectra in solvents of varying polarity with more 
polar solvents giving rise to red-shifted emission maxima, and this effect was attributed 
to the development of a highly polar excited state due to ICT. The authors probed the 
ability of 3.28 to act as a chemosensor for cyanide ions, and found that titration with 
cyanide dramatically altered the absorption and emission profiles. 
 
 
 
 
 
 
 
                                                          
30 Chen, P.; Yin, X.; Baser-Kirazli, N.; Jakle, F. Angew. Chem. Int. Ed. 2015, 54, 10768-10772. 
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 Perry, Jäkle, and coworkers reported the synthesis and photophysical studies of 
luminescent, conjugated borazine oligomers such as 3.29 and 3.30 (Figure 3.7).31 A clear 
bathochromic shift of the longest wavelength absorption and emission maxima was 
observed when a second B, N unit is added, suggesting extension of conjugation through 
the entire molecule. Adding subsequent B, N units also resulted in similar shifts, although 
to diminishing degrees. The molecules exhibited air stability in the solid state for several 
weeks. 3.29 and 3.30 exhibited significant ICT character evidenced by a pronounced 
solvatochromic effect in their absorption and emission spectra. In a similar manner to 
3.28 (Figure 3.6), titration of 3.29 and 3.30 with cyanide led to rapid changes in their 
absorption and emission spectra. The authors also found that 3.29 and 3.30 exhibited 
significant two-photon absorptivity,32 suggesting potential use in two-photon sensing 
applications. 
 
                                                          
31 Chen, P.; Marshal, A. S.; Chi, S.-H.; Yin, X.; Perry, J. W.; Jakle, F. Chem. Eur. J.  2015, 21, 18237-
18247. 
32 Entwistle, C. D.; Marder, T. B. Angew. Chem. Int. Ed. 2002, 41, 2927-2931. 
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 Tovar and coworkers reported the synthesis and characterization of thiophene-
fused borepins 3.31 and 3.32 for potential use as building blocks of conjugated 
luminescent materials (Figure 3.8).33 These compounds can be viewed as ethylene-linked 
analogs of 3.26 (Figure 3.5). The ethylene bridge provides an alternate conjugation 
pathway between the thiophene moieties, leading to bathochromic shifts in the lowest 
energy absorption maxima of 3.31 (365 nm) and 3.32 (360 nm) compared to that of the 
closely related 3.26 (326 nm). Additionally, the new compounds are fluorescent whereas 
3.26 was found to be non-emissive. The authors showed that 3.31 and 3.32 could be 
prepared on gram scale and exhibited the typical favorable properties of boron-containing 
conjugated materials such as polarizable electronic structures resulting in strong 
solvatochromic effects in the absorption and emission spectra, and fluoride binding 
ability. Importantly, these new materials survived harsh synthetic transformations 
                                                          
33 Levine, D. R.; Siegler, M. A.; Tovar, J. D. J. Am. Chem. Soc. 2014, 136, 7132-7139. 
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including bromination and subsequent metalation, facilitating further diversification of 
the heteroaromatic core. 
 
 
 Among the numerous reports of boron-containing conjugated polymers, we 
highlight four reports that exemplify the use of boron as a backbone atom, and the 
potential applications of these polymers in materials science. First, Rupar and coworker 
reported the synthesis and properties of a poly(9-borafluorene) homopolymer 3.33 
(Figure 3.9).34 This polymeric material was synthesized from the dibrominated monomer 
via nickel-catalyzed Yamamoto reductive coupling,35 and the resulting polymer had a 
number-average molecular weight of Mn=7200 Da. 3.33 displayed maximum wavelength 
absorption and emission peaks well into the visible region both in solution and in the 
solid state. The authors found that a THF solution of 3.33 served as a “turn on” sensor for 
fluoride ions. The discovery that 3.33 served as a “turn on” sensor for ammonia vapor in 
the solid state was more interesting and suggested that conjugated materials including 
units of 3.33 as building blocks may play a role in the design of gas-phase detectors. 
 
 
 
 
                                                          
34 Adams, I. A.; Rupar, P. A. Macromol. Rapid Commun. 2015, 36, 1336-1340. 
35 Yamamoto, T.; Morita, A.; Miyazaki, Y.; Maruyama, T.; Wakayama, H.; Zhou, Z. H.; Nakamura, Y.; 
Kanbara, T.; Sasaki, S.; Kubota, K. Macromolecules 1992, 25, 1214-1223. 
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 A second report from Maji and coworkers described the synthesis and 
characterization of a microporous organic polymer containing Lewis acidic boron centers 
(Figure 3.10).36 Polymer 3.34 was synthesized under Sonogashira conditions, involving 
the extended coupling between a trihalogenated boron triaryl unit and a diyne biphenyl 
unit. TEM images of the material confirmed the formation of a microporous network. 
The authors studied the photophysical characteristics of 3.34 and found a strong green 
emission at 520 nm of a hexane solution of the polymer. This emission is significantly 
red-shifted from that of the diyne linker alone (410 nm), indicating efficient extension of 
conjugation in the polymer. The authors found that titration with fluoride led to a 
disappearance of the green emission at 520 nm and a “turn on” behavior of the blue 
emission at 410 nm, attributed to loss of conjugation through newly tetrahedral boron 
centers and reestablishment of the diyne linker emission profile. The highly stable, 
organic soluble material 3.34 is of interest for potential applications in OLED materials 
or fluoride ion sensing applications. 
 
 
 
 
                                                          
36 Suresh, V. M.; Bandyopadhyay, A.; Roy, S.; Pati, S. K.; Maji, T. K. Chem. Eur. J. 2015, 21, 10799-
10804. 
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X. Liu and coworkers detailed the synthesis of a boron/nitrogen-containing 
microporous polymer 3.35 somewhat structurally related to 3.34 (Figure 3.11).37 The 
authors also confirmed the microporous nature of 3.35 by TEM. In the solid state 3.35 
exhibited relatively blue-shifted absorption and emission maxima (380 nm, 488 nm) 
compared to those of 3.34 (410 nm, 520 nm). The strong ICT character of the polymer 
led to a significant bathochromic shift in the emission maxima in polar solvents, with an 
acetonitrile solution of 3.35 exhibiting a maximum emission peak wavelength of 560 nm. 
The Lewis acidic material interacted with fluoride ions resulting in a significant change 
in absorption and emission properties, but these properties remained unaffected by Cl-, 
Br-, NO3-, HSO4-, or PF4- anions. The authors concluded that this material may serve as 
a potent chemosensor for fluoride ions in the presence of other ions or also as a material 
designed to sequester fluoride ions from solutions. 
 
                                                          
37 Li, Z.; Li, H.; Xia, H.; Dong, X.; Luo, X.; Liu, X.; Mu, Y. Chem. Eur. J. 2015, 21, 17355-17362. 
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Finally, the Jäkle lab also reported the synthesis of B, Si containing polymer 3.36 
in collaboration with the Peetz lab (Figure 3.12).38 This polymer was synthesized via 
cross metathesis of the two silicon- and boron-containing building blocks m and n 
indicated in parenthesis. The authors determined by NMR that polymer 3.36 (Mn=7480 
Da) was comprised of a random mixture of m-m, n-n, and m-n-trans-vinyl-connected 
subunits, implying that each subunit’s vinyl groups had similar reactivity towards the 
Grubbs 2nd generation catalyst used in the synthesis. The peak emission wavelength of 
3.36 (449 nm) exhibited a bathochromic shift compared to those of the silicon-containing 
subunit (307 nm) or the boron-containing subunit (424 nm), indicating extension of 
conjugation through multiple subunits. 3.36 functions as a “turn-off” sensor for fluoride 
ions, suggesting that it find application as a fluoride sensing material. 
 
 
 
 
                                                          
38 Sengupta, A.; Doshi, A.; Jakle, F.; Peetz, R. M. J. Polym. Sci. Pol. Chem. 2015, 53, 1707-1718. 
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3.2.2.2 Select Example of Luminescent Material Containing Both 3- and 4-Coordinate 
Boron 
 A recent report from Misra and coworkers detailed the synthesis and 
characterization of a material bearing both trigonal planar and tetrahedral boron centers 
as part of the backbone of a conjugated, emissive substance (Figure 3.13).39 The authors 
found that pyrazabole 3.37 exhibited a peak emission wavelength just into the blue region 
of the visible spectrum and was highly heat stable as evidenced by TGA analysis. The 
emission characteristics of the material showed evidence of electronic communication 
between the sp3 and sp2 boron centers. Finally, titration with both fluoride and cyanide 
ions led to disappearance of fluorescence from solutions of 3.37, suggesting that it may 
be useful as a fluorimetric sensor of these ions. 
 
 
 
 
                                                          
39 Misra, R.; Jadhav, T.; Dhokale, B.; Mobin, S. M. Dalton Trans. 2015, 44, 16052-16060. 
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3.2.2.3 Recent Select Examples Studying Tetrahedral Boron in Luminescent Materials 
 A smaller number of reports have described the incorporation of tetrahedral boron 
centers as part of the main chain of emissive polymers. Polymers and oligomers 
containing boron chromophores including BODIPY (Figure 3.14a),40 difluoroboron β–
diketonate (Figure 3.14b and c),41 difluoroboron ketoiminate (Figure 3.14d),42 
difluoroboron diiminate (Figure 3.14e),43 difluoroboron anilido-pyridinate (Figure 
3.14f),44 and difluoroboron thienyl-thiazolate (Figure 3.14g)45 have been synthesized and 
characterized during the course of photophysical and theoretical studies. These materials 
exhibit absorption and fluorescence in the visible region (Table 3.4) and are the subject of 
ongoing efforts involving incorporation into devices based on organic electronics. 
 
 
                                                          
40 Zhang, S.; Sheng, Y.; Wei, G.; Quan, Y.; Cheng, Y.; Zhu, C. J. Polym. Sci. Pol. Chem. 2014, 52, 1686-
1692. 
41 (a) Samonina-Kosicka, J.; DeRosa, C. A.; Morris, W. A.; Fan, Z.; Fraser, C. L. Macromolecules 2014, 
47, 3736-3746; (b) Poon, C.-T.; Wu, D.; Lam, W. H.; Yam, V. W.-W. Angew. Chem. Int. Ed. 2015, 54, 
10569-10573. 
42 Yoshii, R.; Nagai, A.; Tanaka, K.; Chujo, Y. Macromol. Rapid Commun. 2014, 35, 1315-1319. 
43 Yoshii, R.; Hirose, A.; Tanaka, K.; Chujo, Y. J. Am. Chem. Soc. 2015, 136, 18131-18139. 
44 Hao, Q.; Yu, S.; Li, S.; Chen, J.; Zeng, Y.; Yu, T.; Yang, G.; Li, Y. J. Org. Chem. 2014, 79, 459-464. 
45 Dou, C.; Ding, Z.; Zhang, Z.; Xie, Z.; Liu, J.; Wang, L. Angew. Chem. Int. Ed. 2015, 54, 3648-3652. 
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3.3 Synthesis of Oligomers and Polymer of Repeating Azaborine Units 
 Our recent development of the versatile, high-yielding C6 borylation of 
azaborines46 allowed us to pursue our goal of using the azaborine unit as a building block 
of a monodisperse conjugated polymer conceptually similar to poly(p-phenylene) 
(Section 3.1).47 Prior reports have established Suzuki polycondensation (SPC) of AB-type 
monomers or of a mixture of AA- and BB-type monomers as an ideal method to prepare 
poly(phenylene) materials (Figure 3.15).48 Polymerization of AB-type monomers 
presents the advantage of generating regioregular polymers with minimal steric 
interactions between side groups that may disfavor extended conjugation known to 
require coplanarity of neighboring rings. 
 
 
                                                          
46 Baggett, A. W.; Vasiliu, M.; Li, B.; Dixon, D. A.; Liu, S.-Y. J. Am. Chem. Soc. 2015, 137, 5536-5541. 
47 Baggett, A. W.; Guo, F.; Li, B.; Liu, S.-Y.; Jakle, F. Angew. Chem. Int. Ed. 2015, 54, 11191-11195. 
48 (a) Rehahn, M.; Schluter, A. D.; Wegner, G.; Feast, W. J. Polymer 1989, 30, 1060-1062; (b) Schluter, A. 
D. J. Polym. Sci. Pol. Chem. 2001, 39, 1533-1556; (c) Sakamoto, J.; Rehahn, M.; Wegner, G.; Schluter, A. 
D. Macromol. Rapid Commun. 2009, 30, 653-687; (d) Hohl, B.; Bertschi, L.; Zhang, X.; Schluter, A. D.; 
Sakamoto, J. Macromolecules 2012, 45, 5418-5426. 
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3.3.1 Monomer and Model Oligomer Synthesis 
 As a part of our initial studies on the reactivity of 6-B(pin) azaborines we isolated 
and characterized 3.45 (Scheme 3.3), which we envisioned using as an AB-type 
monomer in SPC reactions.49 During efforts to scale up the synthesis of 3.45 we 
discovered that an alternate route involving C-H borylation as the final step resulted in 
higher overall yield of 3.45 starting from N-TBS, B-Cl azaborine 3.46 than the sequence 
involving bromination as the final step. In our new synthesis, bromination of 3.4650 
proceeded in excellent yield to grant access to C3-Br azaborine 3.47. Addition of solid 
mesityllithium to 3.47 gave 3.49 which underwent subsequent TBAF deprotection to 
produce 3.51 in good yield over two steps. Final borylation of 3.51 generated AB-type 
monomer 3.45 on gram scale in 39% yield over four steps. 
 
 
                                                          
49 See Section 2.3.2.2, Scheme 2.32 for details. 
50 Pan, J.; Kampf, J. W.; Ashe, A. J., III Org. Lett. 2007, 9, 679-681. 
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 We synthesized three short model oligomers through an iterative borylation/cross 
coupling sequence to enable investigation of the photophysical properties of the 
conjugated material upon stepwise chain elongation. The synthesis of model monomer 
3.55 and its borylation to C6-B(pin) compound 3.56 have been reported previously.46 
Suzuki coupling of 3.51 and 3.56 produced the model dimer 3.58 in excellent yield. We 
confirmed the structure of 3.58 by obtaining an X-Ray structure (Figure 3.16). The strong 
preference for borylation at the C6-position of the azaborine heterocycle was 
demonstrated by the completely regioselective borylation of 3.58 to produce 3.59. We 
carried out a final Suzuki coupling between 3.51 and 3.59 to produce the model trimer 
3.60 in high yield (Scheme 3.4). 
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3.3.2 Polymer Synthesis 
3.3.2.1 Authorship Statement 
 In order to complete the section of this project involving synthesis of a polymer 
based on 3.45 as a building block and theoretical studies of the oligomers and polymer, 
we sought the expertise of Dr. Fang Guo and Prof. Frieder Jäkle at Rutgers University 
(Newark) who have extensive experience in the field of boron-containing luminescent 
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materials and polymers (vide supra). Dr. Guo carried out all aspects of the polymer 
synthesis and characterization, and performed the 2-D NMR experiments of the model 
oligomers. Dr. Guo and I carried out the absorption, emission, and fluorescence quantum 
yield measurements of the model monomer, dimer, and trimer. Dr. Guo performed all of 
the calculations described below.  
3.3.2.2 Polymerization Experiments 
 Dr. Guo tested standard Suzuki coupling conditions using either [Pd(PPh3)4] 3.61 
or [Pd2(dba)3] 3.62/tBu3P 3.63 as catalyst systems (Table 3.5, entries 1-2), but these 
attempts failed to produce the polymer and resulted only in formation of short oligomers 
as evidenced by GPC data. Similarly negative results were obtained with Buchwald’s 
SPhos ligand 3.64 in combination with [Pd2(dba)3] (Table 3.5, entries 3-4). She then 
explored the efficacy of the [(tBu3P)Pd(Ph)Br] 3.66 initiator system developed by 
Hartwig,51 recently shown to promote chain-growth Suzuki-type polymerization in work 
detailing the synthesis of fluorene-containing polymers,52 star polymers,53 and block 
copolymers.54 Polymerization of 3.45 at room temperature using a system based on 3.66 
led to isolation of the polymer 3.67 as a dark purple solid after filtration through alumina 
gel and subsequent purification by preparative GPC on Biobeads (Table 3.5 entry 6).  
 
 
                                                          
51 (a) Stambuli, J. P.; Incarvito, C. D.; Buhl, M.; Hartwig, J. F. J. Am. Chem. Soc. 2004, 126, 1184-1194; 
(b) Barrios-Landeros, F.; Carrow, B. P.; Hartwig, J. F. J. Am. Chem. Soc. 2008, 130, 5842-5843. 
52 (a) Yokoyama, A.; Suzuki, H.; Kubota, Y.; Ohuchi, K.; Higashimura, H.; Yokozawa, T. J. Am. Chem. 
Soc. 2007, 129, 7236-7237; (b) Beryozkina, T.; Boyko, K.; Khanduyeva, N.; Senkovskyy, V.; Horecha, M.; 
Oertel, U.; Simon, F.; Stamm, M.; Kiriy, A. Angew. Chem. Int. Ed. 2009, 48, 2695-2698; (c) Zhang, H.-H.; 
Xing, C.-H.; Hu, Q.-S. J. Am. Chem. Soc. 2013, 134, 13156-13159. 
53 Fischer, C. S.; Jenewein, C.; Mecking, S. Macromolecules 2015, 48, 483-491. 
54 Gutacker, A.; Lin, C.-Y.; Ying, L.; Nguyen, T.-Q.; Scherf, U.; Bazan, G. C. Macromolecules 2012, 45, 
4441-4446. 
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The polymer material purified in this manner had a number-average molecular 
weight of Mn = 2330 Da. and a dispersity of Ð = 1.40, corresponding to an average of 12 
azaborine units per chain. Analysis of the polymer by MALDI-MS confirmed the 
proposed polymer structure composed of the expected repeating units (Figure 3.17). 
Further analysis of the MALDI-MS readout of the polymer indicated the presence of 
polymers with predominantly one Ph and one H end group from the catalyst initiator and 
protonolysis, respectively. Other peak series indicating polymers with two Ph end groups 
or two H end groups were also observed, suggesting the activity of chain coupling 
processes competing with the expected chain-growth process. 
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3.3.2.3 Photophysical and Theoretical Characterization of Oligomers and Polymer 
 We acquired UV/VIS absorption and fluorescence data for the polymer 3.67 and 
compared these data to those obtained from model monomer 3.55, model dimer 3.58, and 
model trimer 3.60. Additionally, we determined the absolute quantum yield for each of 
the emissive species (Table 3.6). A clear trend of bathochromic shifts of the longest 
wavelength peaks of both the absorption and emission spectra is evident moving from the 
monomer 3.55 to the polymer 3.67, indicating efficient extension of conjugation as the 
chain of consecutive azaborine units is lengthened. In contrast, the bathochromic shifts of 
absorption maxima observed when building up poly(p-phenylene) are much lower and 
diminish in magnitude much more quickly (Table 3.7).55  
 
 
                                                          
55 Grimme, J.; Kreyenschmidt, M.; Uckert, F.; Mullen, K.; Scherf, U. Adv. Mater. 1995, 7, 292-295. 
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We found no significant solvatochromic effect for the absorption or emission 
maxima for the oligomers or polymer, indicating that the changes in dipole moment upon 
excitation are small (Table 3.8, representative absorption curves shown in Figure 3.18). 
534
The large Stokes shifts observed for the azaborine materials suggest significant structural 
reorganization in the excited state. 
 
 
 
 
Dr. Guo carried out extensive calculations56 to deepen our understanding of the 
structure and electronic nature of the azaborine oligomers and polymers. A key result 
from these computational studies was the prediction of a cisoid conformation for dimer 
3.58 and trimer 3.60 in which the mesityl groups all point in the same direction, rather 
than a transoid conformation generally assumed to be adopted by other heteroaromatic 
                                                          
56 For details regarding the calculations, please see the Supporting Information of Ref. 47. 
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polymers8 and known to be adopted by polyacetylene57 (Figure 3.19). The predicted gas-
phase torsion angles for dimer 3.58 (32.7°) and trimer 3.60 (31.4, 31.6°) were in good 
agreement with the X-Ray structure of 3.58 which shows a dihedral angle between the 
azaborine rings of only 16.8° in the solid phase—remarkably small considering the steric 
bulk of the mesityl rings. We hypothesize that N-H…π interactions58 between the proton 
of one azaborine ring and the mesityl group of a neighboring ring play a significant role 
in stabilizing the observed cisoid conformation, in turn facilitating orbital alignment 
between neighboring rings that promotes efficient extension of conjugation. This 
proposal is supported by the observed N-H…(Mes)centroid distance in the X-Ray 
structure of 3.58 of only 2.610 Ǻ.59 
 
 
 Another key outcome of the computational studies performed by Dr. Guo was the 
prediction of rapid decreases in the HOMO-LUMO energy gap moving from monomer 
3.55 to trimer 3.60, consistent with the bathochromic shifts observed in the absorption 
and emission spectra upon elongation. This theoretical study compared the HOMO-
                                                          
57 (a) Teramae, H. J. Phys. Chem. 1986, 85, 990-996; (b) Wu, C. Q.; Miao, J.; Yu, J.-Z.; Kawazoe, Y. Phys. 
Rev. B 1998, 57, 6-9. 
58 (a) Columberg, G.; Bauder, A. J. Chem. Phys. 1997, 106, 504-510; (b) Hughes, R. M.; Waters, M. L. J. 
Am. Chem. Soc. 2006, 128, 13586-13591; (c) Matsumoto, Y.; Honma, K. J. Chem. Phys. 2007, 127, 
184310-1 – 184310-9; (d) Ottiger, P.; Pfaffen, C.; Leist, R.; Leutwyler, S.; Bachorz, R. A.; Klopper, W. J. 
Phys. Chem. B 2009, 113, 2937-2943. 
59
 Steiner, T.; Koellner, G. J. Mol. Biol. 2001, 305, 535-557. 
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LUMO energies of the azaborine oligomers to those of related conjugated 
cyclohexadienes and p-phenylenes (Table 3.9, Figure 3.20). Consistent with 
Yamaguchi’s observations that a C3,C6-conjugated azaborine more closely resembled a 
diene unit rather than a phenyl unit,23 the HOMO and LUMO energies of the azaborine 
oligomers were predicted to lie much closer to those of the cyclohexadienes rather than 
those of the p-phenylenes. Furthermore, the HOMO and LUMO of trimer 3.60 or the 
analogous cyclohexadiene structure were predicted to be localized almost exclusively on 
the conjugated diene-like chain with only minimal contributions from the mesityl group, 
whereas in the analogous trimeric phenylene structure the mesityl group’s electrons 
contributed significantly to the HOMO and LUMO molecular orbitals. 
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3.3.2.4 Synthesis of a Fluorinated Monomer 
In contrast to the air-stable monomer 3.55 and dimer 3.58, the trimer 3.60 and polymer 
3.67 exhibited only modest air stability despite the presence of the bulky mesityl boron 
substituent. We attributed this observation to the rapidly climbing HOMO energy level 
(Table 3.9) predicted to correlate with chain elongation. We sought to prepare a 
fluorinated analog of 3.45 as a second-generation polymer precursor in light of reports 
describing the high air- and moisture-stability of conjugated boron materials bearing 
FMes at boron.29 Unfortunately, the lithiated FMes reagent used to prepare 3.26 and 3.27 
(Figure 3.5) proved too bulky to add to N-TBS, B-Cl azaborine 3.46, even at extended 
reaction times and elevated temperatures. However, we successfully installed the less 
bulky 2,4-bis-CF3 aryl bromide 3.68 via a similar lithiation/addition sequence (Scheme 
3.5). Subsequent TBAF deprotection of 3.69 granted 3.70 in high yield, and subsequent 
borylation produced 3.71 in high yield as well. We have delivered multiple grams of 3.71 
to our collaborators at Rutgers, and are awaiting results from attempted polymerizations. 
 
                                                          
60
 “Azaborine” = C3, C6-linked N-H, B-Mes azaborines; “CHD” = Conjugated cyclohexadiene material 
(leftmost species in Table 3.9); “PPP” = mesityl-substituted poly-para-phenylene. 
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3.4 Conclusion 
 Suzuki polycondensation of an AB-type monomer generated the first polymer 
composed of repeating C3,C6-linked azaborine units, and application of an iterative 
borylation/Suzuki coupling sequence produced short model oligomers as reference 
compounds. The strong bathochromic shifts observed in the longest wavelength 
absorption and emission peaks as the number of connected azaborine units increased 
towards the average number found in the polymer suggested efficient extension of 
conjugation between neighboring azaborine rings. Different solvents only minimally 
affected the lowest energy peak wavelengths of absorption or emission of the azaborine 
oligomers and polymer, suggesting that in contrast to many other boron-containing 
conjugated materials (vide supra) the azaborine does not significantly change polarity 
upon photo-induced excitation. The efficient extension of conjugation can potentially be 
attributed to N-H…π interactions that stabilize the unusual cisoid conformation displayed 
by the X-Ray structure of dimer 3.58 and predicted computationally, and also to the low 
contribution of the N and B atoms to the frontier orbitals, granting the carbon backbone 
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of the azaborine polymer significant diene character. A fluorinated analog of 3.45 has 
been synthesized and is being studied as a source material for second-generation 
polymer. The similarity between the polymer 3.67 and the elusive cisoid form of 
polyacetylene suggests intriguing applications of this new class of BN-containing 
conjugated materials. 
3.5 Experimental Section 
3.5.1 General Information 
All oxygen- and moisture-sensitive manipulations were carried out under an inert 
atmosphere (N2) using either standard Schlenk techniques or a dry box. THF, Et2O, 
CH2Cl2, toluene, and pentane were purified by passing through a neutral alumina column 
under argon or distilled from Na/benzophenone (THF). The catalyst (t-Bu3P)Pd(Ph)Br 
was prepared according to a literature procedure.51 All other chemicals and solvents were 
purchased and used as received.  
11B, 1H, and 13C spectra were recorded on a Varian Unity/Inova 300 spectrometer, a 
Varian Unity/Inova 500 or 600 spectrometer, or a Bruker Avance III HD 600 NMR 
spectrometer at ambient temperature. The 11B NMR spectrum of the polymer was 
acquired with a boron-free quartz NMR tube using a boron-free probe. 1H and 13C NMR 
spectra are referenced internally to solvent signals; 11B NMR chemical shifts are 
externally referenced to BF3•Et2O (δ 0). The two-dimensional 
1H NOESY61 
measurements were obtained with the standard pulse sequence that was followed by a 90 
pulse flanked by two 5 G/cm gradient for dephasing any residual transverse 
magnetization and suppressing potential artifacts, before the relaxation delay. A mixing 
                                                          
61 (a) Jeener, J.; Meier, B. H.; Bachmann, P.; Ernst, R. R. J. Chem. Phys. 1979, 71, 4546-4553; (b) Mueller, 
L. J. Am. Chem. Soc. 1979, 101, 4481-4484. 
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time of 400 ms was applied for 3.60 (Varian Unity/Inova 500 spectrometer) and a mixing 
time of 600 ms was applied for 3.58 (Varian Unity/Inova 600 spectrometer). Spectra 
were recorded in the phase sensitive mode by employing the TPPI improvement of the 
States-Haberkorn-Ruben Hypercomplex method.62 Typically, 256 t1 increments of 2K 
complex data points over 5.0 kHz spectral widths were collected with 32 scans per t1 
increment, preceded by 16 or 32 dummy scans, and a relaxation delay of 2 s. Data sets 
were processed on a Sun Blade 100 workstation (Sun Microsystems Inc., Palo Alto, CA) 
using the VNMR software package (Varian Inc., Palo Alto, CA).  
IR spectra were recorded on a Nicolet Magna 550 FT-IR or Bruker instrument with 
OMNIC software.  
High-resolution mass spectrometry data were obtained at the Boston College mass 
spectrometry facility on a JEOL AccuTOF instrument (JEOL USA, Peabody, MA), 
equipped with a DART ion source (IonSense, Inc., Danvers, MA) in positive ion mode. 
High-resolution MALDI-MS measurements were performed at Rutgers University on an 
Apex-ultra 7T Hybrid FT-MS (Bruker Daltonics) in positive ion mode. The samples (10 
mg/mL in THF) were mixed with anthracene (10 mg/mL in THF) as the matrix in a 1:2 
ratio and then spotted on the wells of a target plate. 
GPC analyses were performed using a Viscotek GPCmax equipped with a VE 2001 GPC 
solvent/sample module, a 2600 PDA detector, a TDA 305 triple detector array and three 
columns, consisting of a PLgel 5 μm mixed-D and two PLgel 5 μm mixed-C columns. 
The system was calibrated against narrow polystyrene standards (10) in the molecular 
weight range from 580 to 371100 Da.  
                                                          
62 States, D. J.; Haberkorn, R. A.; Ruben, D. J. J. Magn. Reson. 1982, 48, 286-292. 
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UV-visible absorption data were acquired on a Varian Cary 5000 UV-Vis/NIR 
spectrophotometer. The fluorescence data and lifetimes were measured using an Horiba 
Fluorolog-3 spectrofluorometer equipped with a 350 nm nanoLED and a FluoroHub R-
928 detector. Absolute quantum yields (ΦF) were measured with a pre-calibrated Quanta-
φ integrating sphere attached to the Fluorolog-3 instrument. Light from the sample 
compartment is directed into the sphere via a fiber-optic cable and the F-3000 Fiber-
Optic Adapter and then returned to the sample compartment (and ultimately the emission 
monochromator) via a second fiber-optic cable and the F-3000. 
Single crystal X-ray diffraction data collection for dimer 3.45 was performed at BC using 
a Bruker Kappa Apex Duo fully automated single crystal diffractometer.  
DFT calculations were performed with the Gaussian09 suite of programs.63 The input 
files were generated in Chem3D and then pre-optimized in Spartan10. Geometries were 
then optimized in Gaussian09 using the hybrid density functional B3LYP with a 6-31g* 
basis set. Frequency calculations were performed to confirm the presence of local minima 
(only positive frequencies). Orbital representations were plotted with Gaussview 5.08 
(scaling radii of 75%, isovalue of 0.03). Vertical excitations were then calculated using 
TDDFT methods (B3LYP/6-31g*). 
 
                                                          
63 Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A.; Cheeseman, J. R.; J. A. 
Montgomery, J.; Vreven, T.; Kudin, K. N.; Burant, J. C.; Millam, J. M.; Iyengar, S. S.; Tomasi, J.; Barone, 
V.; Mennucci, B.; Cossi, M.; Scalmani, G.; Rega, N.; Petersson, G. A.; Nakatsuji, H.; Hada, M.; Ehara, M.; 
Toyota, K.; Fukuda, R.; Hasegawa, J.; Ishida, M.; Nakajima, T.; Honda, Y.; Kitao, O.; Nakai, H.; Klene, 
M.; Li, X.; Knox, J. E.; Hratchian, H. P.; Cross, J. B.; Adamo, C.; Jaramillo, J.; Gomperts, R.; Stratmann, 
R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.; 
Voth, G. A.; Salvador, P.; Dannenberg, J. J.; Zakrzewski, V. G.; Dapprich, S.; Daniels, A. D.; Strain, M. 
C.; Farkas, O.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Ortiz, J. V.; Cui, Q.; 
Baboul, A. G.; Clifford, S.; Cioslowski, J.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz, P.; Komaromi, 
I.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; 
Gill, P. M. W.; Johnson, B.; Chen, W.; Wong, M. W.; Gonzalez, C.; Pople, J. A.; Gaussian, Inc.: 
Wallingford, CT, 2004. 
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3.5.2 Experimental Procedures 
3.5.2.1 Synthetic Procedures in Scheme 3.3 
Compound 3.46. 3.46 was synthesized as a clear oil following a published 
protocol.64 Spectra of the isolated compound matched published values. 
Compound 3.47. 3.47  (3.3 g, 93%) was synthesized as a clear oil from 
3.46 (2.61 g, 11.5 mmol) and bromine (1.83 g, 11.5 mmol). In a nitrogen 
atmosphere dry box, compound 3.46 was dissolved in 10 mL 
dichloromethane and chilled to −30 °C in the dry box freezer. Bromine was dissolved in 
4 mL dichloromethane and chilled in the dry box freezer. The cold bromine solution was 
added dropwise to the cold, stirred solution of 1. The reaction was taken out of the dry 
box and concentrated under reduced pressure. The crude material was purified by 
vacuum distillation. 1H NMR (500 MHz, CD2Cl2): δ 7.88 (d, 
3JHH = 7.0 Hz, 1H), 7.29 (d, 
3JHH = 7.0 Hz, 1H), 6.24 (t, 
3JHH = 7.0 Hz, 1H), 0.96 (s, 9H), 0.57 (s, 6H); 
13C NMR (150 
MHz, CD2Cl2): δ 147.0, 139.0, 127.4 (br), 111.9, 27.0, 19.8, -1.2; 
11B NMR (192 MHz, 
CD2Cl2): δ 34.2; FTIR (ATR): ῦ = 2956, 2931, 2883, 2858, 1597, 1492, 1466, 1439, 
1332, 1262, 1252, 1189, 1137, 1122, 1087, 1032, 994, 943, 844, 823, 808, 790, 762, 741, 
711, 692, 671, 653, 577, 439, 422; HRMS (EI) calcd for C10H18NBClSiBr (M+) 
307.01530, 307.01500 found. 
Compound 3.49. 3.49  (1.86 g, 69%) was synthesized as a white solid 
from 3.47 (2.10 g, 6.85 mmol) and 2-mesityllithium (2.20 g, 17.5 
mmol). In a nitrogen atmosphere dry box, compound 3.47 was 
dissolved in 15 mL THF at room temperature. Solid 2-mesityllithium was added to the 
                                                          
64 Marwitz, A. J. V.; Matus, M. H.; Zakharov, L. N.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. Ed. 2009, 
48, 973-977. 
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stirred solution in 0.5 g portions at room temperature. The solution turned orange shortly 
after addition of the lithiated species. The solution was allowed to stir for 40 minutes at 
room temperature and judged to be complete by 11B NMR. The solution was concentrated 
under reduced pressure and 30 mL pentane was added. The resulting suspension was 
filtered through a fritted funnel to remove salts. The filtrate was concentrated under 
reduced pressure, and the crude material was purified inside a dry box by silica gel 
chromatography using 97:3 pentane:ether as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.89 
(d, 3JHH = 7.5 Hz, 1H), 7.48 (d, 
3JHH = 7.5 Hz, 1H), 6.80 (s, 2H), 6.31 (t, 
3JHH = 7.5 Hz, 
1H), 2.29 (s, 3H), 2.03 (s, 6H), 0.92 (s, 9H), 0.00 (s, 6H); 13C NMR (125 MHz, CD2Cl2): 
δ 145.0, 140.1 (br), 140.0, 138.8, 137.6, 132.6 (br), 127.5, 112.1, 27.9, 23.2, 21.7, 19.8, -
2.7; 11B NMR (160 MHz, CD2Cl2): δ 38.8; FTIR (ATR): ῦ = 2960, 2931, 2860, 1603, 
1472, 1462, 1442, 1329, 1262, 1234, 1105, 990, 973, 934, 811, 783, 698, 578, 566, 548; 
HRMS (DART) calcd for C19H30BBrNSi [M + 1]
+ 390.14239, 390.14224 found. 
Compound 3.51. 3.51 (0.98 g, 73%) was synthesized as a white solid from 
3.49 (1.90 g, 4.87 mmol) and tetra-n-butylammonium fluoride (TBAF) (4.9 
mL, 4.9 mmol). In a dry box, compound 3.49 was dissolved in 20 mL THF 
in a round bottom reaction flask. TBAF (1.0M/THF) was added to the stirred solution 
over the course of two minutes. The reaction was judged to be complete by TLC after 
stirring for 20 minutes. The majority of the solvent was removed under reduced pressure, 
then the remaining liquid was poured into a separatory funnel containing 30 mL water. 
Three extractions using 15 mL ether were performed. The organic layers were combined, 
washed with brine, dried over MgSO4, and concentrated under reduced pressure. The 
crude material was purified inside a dry box by silica gel chromatography using 90:10 
544
pentane:ether as eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.10 (br s, 1H), 8.00 (d, 
3JHH = 
7.5 Hz, 1H), 7.44 (t, 3JHH = 7.5 Hz, 1H), 6.86 (s, 2H), 6.31 (t, 
3JHH = 7.5 Hz, 1H), 2.30 (s, 
3H), 2.12 (s, 6H); 13C NMR (125 MHz, CD2Cl2): δ 145.9, 140.5, 138.2, 136.8 (br), 134.2, 
130.2 (br), 127.6, 111.2, 22.8, 21.6; 11B NMR (160 MHz, CD2Cl2): δ 35.7; FTIR (ATR): 
ῦ =3335, 2938, 2914, 2857, 1608, 1592, 1524, 1473, 1374, 1318, 1029, 979, 968, 849, 
752, 705, 687, 591, 560, 412; HRMS (DART) calcd for C13H16BBrN [M + 1]
+ 
276.05592, 276.05476 found. 
Compound 3.45. 3.45 (1.40 g, 83%) was synthesized as a white solid from 
compound 3.51 (1.15 g, 4.17 mmol). Inside a nitrogen atmosphere dry box, 
[Ir(OMe)(cod)]2 (0.041 g, 0.013 mmol), bis(pinacolato)diboron (1.11 g, 
4.38 mmol) and 4,4’-di-tert-butyl-2,2’-bipyridine (0.034 g, 0.13 mmol) were dissolved in 
8 mL MTBE and the solution was aged for 10 minutes. This solution was added to neat 
3.45 and the reaction was allowed to stir at room temperature. The reaction was judged to 
be complete by TLC after four hours. The solution was concentrated under reduced 
pressure and the crude material was purified by silica gel chromatography using 4:1 
pentane:ether as eluent. 1H NMR (500 MHz, CD2Cl2): δ 8.51 (br s, 1H), 8.00 (d, 
3JHH = 
7.5 Hz, 1H), 6.86 (s, 2H), 6.81 (d, 3JHH = 7.5 Hz, 1H), 2.30 (s, 3H), 2.11(s, 6H), 1.32 (s, 
12H); 13C NMR (125.8 MHz, CD2Cl2): δ 144.1, 139.8, 137.5, 137.0 (br), 135.1 (br), 
126.8, 119.3, 85.0, 24.6, 22.1, 20.9 (C6-carbon signal not observed); 11B NMR (96 MHz, 
CD2Cl2): δ 35.6, 28.7; FTIR (thin film): ῦ = 3400-3300, 3100-2900, 1624, 1400, 1363, 
1327, 1180, 1016, 900, 881, 800, 615; HRMS (EI) calcd for C19H26NB2O2Br [M]
+ 
401.13329, 401.13417 found. 
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3.5.2.2 Synthetic Procedures in Scheme 3.4 
Compound 3.55. 3.55 was synthesized as a clear oil following a published 
protocol.46 Spectra of the isolated compound matched published values. 
Compound 3.56. 3.56 was synthesized as a clear oil following a published 
protocol.46 Spectra of the isolated compound matched published values. 
Compound 3.58. 3.58 (0.39 g, 94%) was synthesized as a crystalline white 
solid from 3.56 (0.32 g, 1.0 mmol) and 3.51 (0.306 g, 1.05 mmol). Inside a 
dry box, Pd(dppf)Cl2 (0.022 g, 0.031 mmol), KOH (0.25 g, 5.0 mmol), 3.56 
and 3.51 were added to a glass pressure vessel. 2.4 mL MTBE, 1.0 mL H2O and a bar of 
stirring were added, and the vessel was sealed. The reaction was allowed to stir at 80 °C 
for 12 hours. After cooling to room temperature the water layer was removed under 
ambient conditions with a Pasteur pipet and the organic layer was concentrated under 
reduced pressure. The resulting crude material was purified inside a dry box by silica gel 
chromatography using 4:1 pentane:ether as eluent. The product was then recrystallized 
from a pentane/ether mixture at 4 °C. Crystals suitable for single crystal diffraction 
analysis were obtained from the recrystallization. 1H NMR (599.7 MHz, CD2Cl2): δ 8.20 
(br s, 1H), 8.02 (d, 3JHH = 7.2 Hz 1H), 7.96 (br s, 1H), 7.63 (dd, 
3JHH = 6.6, 4.2 Hz, 1H), 
7.49 (t, 3JHH = 6.6 Hz, 1H), 6.71 (s, 2H), 6.70 (s, 2H), 6.56-6.51 (m, 2H), 6.46 (d, 
3JHH = 
6.6 Hz, 1H), 2.24 (s, 3H), 2.15 (s, 3H), 2.02 (s, 6H), 1.89 (s, 6H); 1H NMR (600 MHz, 
THF-d8): δ 8.11 (m, 3H), 7.75 (dd, 3JHH = 11, 7.0 Hz, 1H), 7.47 (t, 
3JHH = 7.8 Hz, 1H), 
6.83 (s, 2H), 6.82 (s, 2H), 6.66 (d, 3JHH = 11 Hz, 1H), 6.60 (m, 2H), 2.36 (s, 3H), 2.27 (s, 
3H), 2.13 (s, 6H), 2.03 (s, 6H); 13C NMR (150 MHz, THF-d8): δ 149.6, 144.9, 141.8, 
140.3, 140.2, 139.4 (br), 138.9 (br), 138.6, 137.3 (br), 136.8, 135.6, 128.2, 127.2, 111.3, 
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107.7, 23.2, 23.0, 21.5, 21.4 (the signal for one B-Mes carbon is not observed); 11B NMR 
(160 MHz, THF-d8): δ 35.6; FTIR (ATR): ῦ = 3334, 3014, 2966, 2912, 2852, 1602, 
1534, 1423, 1298, 1230, 1150, 1095, 980, 845, 755, 580; HRMS (DART) calcd for 
C26H31B2N2 [M + 1]
+ 393.26733, 393.26765 found. 
Compound 3.59. 3.59 (0.29 g, 90%) was synthesized as a white crystalline 
solid from 3.58 (0.25 g, 0.64 mmol). Inside a dry box, [Ir(OMe)(cod)]2 
(0.01 g, 0.01 mmol), bis(pinacolato)diboron (0.17 g, 0.67 mmol) and 4,4’-
di-tert-butyl-2,2’-bipyridine (0.005 g, 0.02 mmol) were dissolved in 1.0 mL 
MTBE and the solution was aged for 10 minutes. This solution was added to neat 3.57 
and the reaction was allowed to stir at room temperature. The reaction was judged to be 
complete by TLC after two hours. The solution was concentrated under reduced pressure 
and the crude material was purified by silica gel chromatography using 1:3 pentane:ether 
as eluent. 1H NMR (600 MHz, CD2Cl2): δ 8.80 (br s, 1H), 8.23 (br s, 1H), 8.09 (d, 
3JHH = 
7.5 Hz, 1H), 7.82 (dd, 3JHH = 11.0, 7.0 Hz, 1H), 7.26 (d, 
3JHH = 7.5 Hz, 1H), 6.85 (s, 2H), 
6.84 (s, 2H), 6.78 (d, 3JHH = 11.0 Hz, 1H), 6.73 (d, 
3JHH = 7.5 Hz, 1H), 2.24 (s, 3H), 2.15 
(s, 3H), 2.03 (s, 6H), 1.96 (s, 6H), 1.34 (s, 12H); 13C NMR (150 MHz, CD2Cl2): δ 149.4, 
145.0, 142.3 (br), 140.3, 140.2, 140.1, 139.4 (br), 139.0 (br), 138.6, 137.7 (br), 136.8, 
129.0 (br), 128.3, 127.3, 120.6, 108.1, 85.7, 25.4, 23.4, 23.2, 21.7, 21.6; 11B NMR (160 
MHz, THF-d8): δ 32.2, 28.0 (shoulder); FTIR (ATR): ῦ = 3397, 3336, 2977, 2912, 2854, 
1608, 1583, 1536, 1408, 1370, 1335, 1298, 1263, 1233, 1165, 1141, 1102, 1065, 1007, 
961, 925, 858, 845, 825, 805, 768, 726, 678, 663, 569; HRMS (DART) calcd for 
C32H42B3N2O2 [M + 1]
+ 519.35254, 519.35380 found. 
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Compound 3.60. 3.60 (0.29 g, 94%) was synthesized as a yellow powder 
from 3.59 (0.27 g, 0.52 mmol) and 3.51 (0.15 g, 0.55 mmol). Inside a dry 
box, Pd(dppf)Cl2 (0.011 g, 0.015 mmol), KOH (0.15 g, 2.6 mmol), 3.59 and 
3.51 were added to a glass pressure vessel. 2.0 mL MTBE, 0.8 mL H2O and 
a bar of stirring were added, and the vessel was sealed. The reaction was 
allowed to stir at 80 °C for 12 hours. After cooling to room temperature the water layer 
was removed under ambient conditions with a Pasteur pipet and the organic layer was 
concentrated under reduced pressure. The resulting crude material was purified inside a 
dry box by silica gel chromatography using 3:1 pentane:THF as eluent. 1H NMR (499.9 
MHz, CD2Cl2): δ 8.28 (br, 2H), 8.18 (d, 
3JHH = 8.5 Hz, 1 H), 8.03 (br s, 1H), 8.01 (d, 
3JHH 
= 8.0 Hz, 1H), 7.62 (dd, 3JHH = 7.5, 3.5 Hz, 1H), 7.56 (td, 
3JHH = 7.0, 1.0 Hz, 1H), 6.76 
(dd, 3JHH = 7.8, 2.0 Hz, 1H), 6.69 (s, 2H), 6.65 (s, 2H), 6.61 (td, 
3JHH = 7.3, 1.5 Hz, 1H), 
6.58 (s, 2H), 6.50 (d, 3JHH = 7.0 Hz, 1H), 6.45 (d, 
3JHH = 10.5 Hz, 1H), 2.25 (s, 3H), 2.14 
(s, 3H), 2.10 (s, 3H), 2.02 (s, 6H), 1.86 (s, 6H), 1.80 (s, 6H); 1H NMR (600 MHz, THF-
d8): δ 9.98 (br s, 1H), 8.76 (br s, 1H), 8.37 (br s, 1H), 8.11 (d, 3JHH = 7.5 Hz, 1H), 7.91 
(d, 3JHH = 8.0 Hz, 1H), 7.54 (t, 
3JHH = 7.5 Hz, 1H), 7.46 (dd, 
3JHH = 11, 7.5 Hz, 1H), 6.63 
(s, 2H), 6.61 (m, 3H), 6.56 (s, 2H), 6.52 (t, 3JHH = 7.5 Hz, 1H), 6.37 (d, 
3JHH = 7.5 Hz, 
1H), 6.34 (d, 3JHH = 11 Hz, 1H), 2.19 (s, 3H), 2.11 (s, 3H), 2.10 (s, 3H), 2.01 (s, 6H), 1.87 
(s, 6H), 1.84 (s, 6H); 13C NMR (150 MHz, THF-d8): δ 149.7, 148.8, 143.4, 140.9, 140.8, 
138.7, 137.4 (br), 137.0 (br), 136.8, 136.0, 135.8 (br), 135.6, 134.6, 133.6 (br), 126.8, 
126.4, 125.7, 110.0, 107.1, 105.9, 21.8, 21.4, 21.3, 19.9, 19.8 (two B-Mes C signals not 
observed, two aromatic C signals and one aliphatic signal not observed, likely due to 
signal overlap); 11B NMR (160 MHz, THF-d8): δ 34.0; FTIR (ATR): ῦ = 3324, 3011, 
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2962, 2914, 2852, 1606, 1576, 1532, 1428, 1374, 1342, 1278, 1228, 1094, 1024, 973, 
940, 925, 847, 807, 760, 700, 572, 550, 500; HRMS (DART) calcd for C39H45B3N3 [M + 
1]+ 588.38926, 588.38917 found. 
3.5.2.3 Synthetic Procedures in Scheme 3.5 
Compound 3.69. 3.69 (1.2 g, 82%) was synthesized as a white 
solid from 3.47 (0.95 g, 3.1 mmol) and 2,4-
bis(trifluoromethyl)bromobenzene 3.68 (1.1 g, 3.9 mmol). Inside a 
nitrogen atmosphere dry box, 2,4-bis(trifluoromethyl)bromobenzene was dissolved in 10 
mL ether. The reaction was transported to a fume hood and chilled under nitrogen to -78 
°C. n-Butyllithium (1.5 mL, 3.7 mmol) was added dropwise to the chilled solution and 
the reaction was allowed to warm to room temperature on stirring. 3.47 was dissolved in 
10 mL ether and chilled to -78 °C, and the solution of lithiate was added to this solution 
over 5 minutes. The reaction was allowed to stir while warming to room temperature over 
2 hours. The reaction was concentrated under reduced pressure and transported into the 
dry box, and the crude material was purified by silica gel chromatography using 1:9 
ether:pentane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.95 (m, 2H), 7.81 (d, 
3JHH = 8.0 
Hz, 1H), 7.58 (d, 3JHH = 8.0 Hz, 1H), 7.47 (d, 
3JHH = 8.0 Hz, 1H), 6.42 (t, 
3JHH = 8.0 Hz, 
1H), 0.92 (s, 9H), 0.32 (s, 3H), -0.36 (s, 3H); 13C NMR (125.8 MHz, CD2Cl2): δ 145.7, 
138.4, 134.2, 133.5 (m, 1JCF = 125 Hz), 130.9 (m, 
1JCF = 125 Hz), 130.2 (br), 127.6 (m, 
1JCF = 76 Hz), 125.8 (d, 
1JCF = 296 Hz), 123.6 (d, 
1JCF = 296 Hz), 123.1 (m, 
1JCF = 76 Hz), 
112.9, 27.2, 19.5, -2.6 (C-3 C-signal not observed); 11B NMR (160 MHz, CD2Cl2): δ 
36.9; 19F NMR (470 MHz, CD2Cl2): δ -59.5, -63.2; FTIR (thin film): ῦ = 2968, 2933, 
2887, 2863, 1620, 1602, 1494, 1473, 1446, 1337, 1303, 1271, 1252, 1231, 1164, 1125, 
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1081, 1068, 1050, 994, 975, 949, 938, 929, 906, 841, 821, 808, 789, 770, 747, 721, 701, 
671, 647, 603, 575, 551, 524, 468; HRMS (DART) calcd for C18H22BBrF6NSi [M+1]
+ 
484.07021, 484.07143 found. 
Compound 3.70. 3.70 (0.74 g, 79%) was synthesized as a white 
solid from 3.69 (1.2 g, 2.5 mmol) and tetra-n-butylammonium 
fluoride (TBAF) (2.5 mL, 2.5 mmol, 1 M in THF). Inside a nitrogen 
atmosphere dry box, TBAF was added to a solution of 3.69 in 5 mL THF at room 
temperature. The reaction was allowed to stir for 10 minutes. The reaction was 
transferred to a fume hood and extracted three times with ether/water. The organic phases 
were combined and dried over MgSO4. The solids were removed by filtration and the 
filtrate was concentrated under reduced pressure. Inside the dry box the crude material 
was purified by silica gel chromatography using 1:5 ether:pentane as eluent. 1H NMR 
(500 MHz, CD2Cl2): δ 8.30 (br s, 1H), 8.10 (d, 
3JHH = 7.5 Hz, 1H), 8.01 (s, 1H), 7.86 (d, 
3JHH = 6.5 Hz, 1H), 7.74 (d, 
3JHH = 6.5 Hz, 1H), 7.46 (t, 
3JHH = 7.5 Hz, 1H), 6.44 (t, 
3JHH = 
7.5 Hz, 1H); 13C NMR (125.8 MHz, CD2Cl2): δ 147.1, 142.3 (br), 135.7, 133.8, 133.6( q, 
2JCF = 32 Hz), 131.2 (q, 
1JCF = 32 Hz), 127.8, 127.5 (br), 124.9 (q, 
1JCF = 274 Hz), 124.4 
(q, 1JCF = 274 Hz), 122.8, 112.4; 
11B NMR (160 MHz, CD2Cl2): δ 33.7; 
19F NMR (470 
MHz, CD2Cl2): δ -59.3, -63.3; FTIR (thin film): ῦ = 3419, 3381, 1613, 1569, 1530, 1439, 
1415, 1343, 1318, 1302, 1274, 1258, 1168, 1118, 1082, 1064, 1035, 985, 970, 929, 908, 
841, 786, 739, 726, 689, 670, 650, 605, 574, 539, 518, 478, 463; HRMS (DART) calcd 
for C12H8BBrNF6 [M+1]
+ 369.98374, 369.98262 found. 
Compound 3.71. 3.71 (0.77 g,78 %) was synthesized as a white 
solid from 3.70 (0.74 g, 2.0 mmol). Inside a dry box, 
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[Ir(OMe)(cod)]2 (0.02 g, 0.03 mmol), bis(pinacolato)diboron (0.53 g, 2.1 mmol) and 4,4’-
di-tert-butyl-2,2’-bipyridine (0.016 g, 0.060 mmol) were dissolved in 5.0 mL MTBE and 
the solution was aged for 10 minutes. This solution was added to neat 3.70 and the 
reaction was allowed to stir at room temperature. The reaction was judged to be complete 
by TLC after two hours. The solution was concentrated under reduced pressure and the 
crude material was purified by silica gel chromatography using 10:1 pentane:ether as 
eluent.  1H NMR (500 MHz, CD2Cl2): δ 8.63 (br s, 1H), 8.07 (d, 
3JHH = 7.5 Hz, 1H), 8.00 
(s, 1H), 7.85 (d, 3JHH = 7.0 Hz, 1H), 7.69 (d, 
3JHH = 7.0 Hz, 1H), 6.92 (d, 
3JHH = 7.5 Hz, 
1H), 1.33 (s, 12H); 13C NMR (125.8 MHz, CD2Cl2): δ 145.8, 143.0 (br), 137.8 (br), 
135.5, 133.7 (q, 1JCF
 = 32 Hz), 131.1 (q, 1JCF
 = 32 Hz), 127.8, 124.9 (q, 1JCF
 = 273 Hz), 
124.4 (q, 1JCF
 = 273 Hz), 122.8, 120.9, 86.0, 25.2 (C-3 C-signal not observed); 11B NMR 
(160 MHz, CD2Cl2): δ 33.7, 28.7; 
19F NMR (470 MHz, CD2Cl2): δ -59.4, -63.3; FTIR 
(thin film): ῦ = 3389, 2982, 1539, 1470, 1415, 1376, 1343, 1301, 1273, 1213, 1167, 1119, 
1081, 1063, 1015, 969, 908, 861, 845, 820, 792, 757, 749, 732, 722, 682, 665, 653, 609, 
593, 576, 529, 483, 466, 437; HRMS (DART) calcd for C18H19B2BrF6NO2 [M+1]
+ 
496.06895, 496.07143 found. 
3.5.2.4 Polymerization Procedure 
Polymer 3.67 (Entry 6, Table 3.5): 3.67 (0.06 g, 15%) was produced as a dark purple 
solid from 3.45 (0.41 g, 1.0 mmol). To a solution of monomer 3.45 in freshly distilled 
THF (16 mL) in a Schlenk tube was added under N2 protection a degassed aqueous 2 M 
sodium carbonate solution (5 mL). A solution of the catalyst (t-Bu3P)Pd(Ph)Br (0.023 
mg, 0.050 mmol) in THF (10 mL) was added via syringe and the mixture was allowed to 
stir overnight at room temperature. The polymerization was quenched with deionized 
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water, extracted with DCM, passed through a short plug of alumina gel and purified by 
preparative GPC on BiobeadsTM with THF as the eluent. The THF was removed by 
evaporation under reduced pressure and the product dried under high vacuum. GPC (THF 
vs PS standards): Mn = 2330, Đ = 1.40.  
11B NMR (160.4 MHz, CDCl3): δ = 37.2, w1/2 = 
5300 Hz. 
3.5.3 2-D NMR Spectra 
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3.5.4 Crystal Structure Data 
 
 
Table 1.  Crystal data and structure refinement for sad_a. 
Identification code  C26H30B2N2 
Empirical formula  C26 H30 B2 N2 
Formula weight  392.14 
Temperature  100(2) K 
Wavelength  0.71073 Å 
Crystal system  Monoclinic 
Space group  P 21/n 
Unit cell dimensions a = 10.7822(3) Å = 90°. 
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 b = 17.6192(5) Å = 90.3430(10)°. 
 c = 11.8260(3) Å  = 90°. 
Volume 2246.59(11) Å3 
Z 4 
Density (calculated) 1.159 Mg/m3 
Absorption coefficient 0.066 mm-1 
F(000) 840 
Crystal size 0.560 x 0.400 x 0.350 mm3 
Theta range for data collection 2.074 to 26.371°. 
Index ranges -13<=h<=13, -22<=k<=22, -14<=l<=14 
Reflections collected 35975 
Independent reflections 4591 [R(int) = 0.0271] 
Completeness to theta = 25.242° 100.0 %  
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.7457 and 0.5842 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 4591 / 0 / 285 
Goodness-of-fit on F2 1.044 
Final R indices [I>2sigma(I)] R1 = 0.0404, wR2 = 0.1087 
R indices (all data) R1 = 0.0461, wR2 = 0.1136 
Extinction coefficient na 
Largest diff. peak and hole 0.335 and -0.207 e.Å-3 
 Table 2.  Atomic coordinates  ( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 
for sad_a.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 
________________________________________________________________________________  
 x y z U(eq) 
________________________________________________________________________________   
N(1) 3167(1) 8828(1) 7976(1) 22(1) 
N(2) 7224(1) 8801(1) 8616(1) 15(1) 
B(1) 4490(1) 8848(1) 8014(1) 17(1) 
B(2) 8539(1) 8876(1) 8689(1) 16(1) 
C(1) 2420(1) 8828(1) 8903(1) 24(1) 
C(2) 2926(1) 8845(1) 9954(1) 22(1) 
C(3) 4224(1) 8871(1) 10100(1) 19(1) 
C(4) 5049(1) 8890(1) 9209(1) 16(1) 
C(5) 6392(1) 8956(1) 9463(1) 14(1) 
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C(6) 6866(1) 9186(1) 10489(1) 18(1) 
C(7) 8156(1) 9260(1) 10670(1) 21(1) 
C(8) 9009(1) 9123(1) 9842(1) 19(1) 
C(9) 5226(1) 8790(1) 6861(1) 17(1) 
C(10) 5473(1) 8069(1) 6396(1) 22(1) 
C(11) 6231(1) 8008(1) 5450(1) 26(1) 
C(12) 6756(1) 8640(1) 4942(1) 25(1) 
C(13) 6489(1) 9351(1) 5390(1) 23(1) 
C(14) 5742(1) 9432(1) 6339(1) 19(1) 
C(15) 4950(2) 7362(1) 6937(1) 34(1) 
C(16) 7614(2) 8553(1) 3944(1) 40(1) 
C(17) 5546(1) 10209(1) 6842(1) 25(1) 
C(18) 9371(1) 8720(1) 7612(1) 15(1) 
C(19) 9761(1) 7984(1) 7330(1) 17(1) 
C(20) 10598(1) 7870(1) 6448(1) 19(1) 
C(21) 11051(1) 8472(1) 5816(1) 19(1) 
C(22) 10634(1) 9201(1) 6071(1) 18(1) 
C(23) 9804(1) 9330(1) 6953(1) 16(1) 
C(24) 9281(1) 7306(1) 7968(1) 25(1) 
C(25) 11986(1) 8332(1) 4891(1) 26(1) 
C(26) 9357(1) 10127(1) 7188(1) 21(1) 
________________________________________________________________________________  
 Table 3.   Bond lengths [Å] and angles [°] for  sad_a. 
_____________________________________________________  
N(1)-C(1)  1.3630(16) 
N(1)-B(1)  1.4281(16) 
N(1)-H(1N)  0.891(17) 
N(2)-C(5)  1.3766(14) 
N(2)-B(2)  1.4253(15) 
N(2)-H(2N)  0.903(16) 
B(1)-C(4)  1.5350(16) 
B(1)-C(9)  1.5849(17) 
B(2)-C(8)  1.5149(16) 
B(2)-C(18)  1.5867(16) 
C(1)-C(2)  1.3549(18) 
C(1)-H(1)  0.9500 
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C(2)-C(3)  1.4099(16) 
C(2)-H(2)  0.9500 
C(3)-C(4)  1.3840(16) 
C(3)-H(3)  0.9500 
C(4)-C(5)  1.4812(15) 
C(5)-C(6)  1.3750(15) 
C(6)-C(7)  1.4119(16) 
C(6)-H(6)  0.9500 
C(7)-C(8)  1.3684(16) 
C(7)-H(7)  0.9500 
C(8)-H(8)  0.9500 
C(9)-C(14)  1.4047(17) 
C(9)-C(10)  1.4092(17) 
C(10)-C(11)  1.3937(18) 
C(10)-C(15)  1.5106(18) 
C(11)-C(12)  1.3883(19) 
C(11)-H(11)  0.9500 
C(12)-C(13)  1.3903(18) 
C(12)-C(16)  1.5111(17) 
C(13)-C(14)  1.3932(16) 
C(13)-H(13)  0.9500 
C(14)-C(17)  1.5079(16) 
C(15)-H(15A)  0.9800 
C(15)-H(15B)  0.9800 
C(15)-H(15C)  0.9800 
C(16)-H(16A)  0.9800 
C(16)-H(16B)  0.9800 
C(16)-H(16C)  0.9800 
C(17)-H(17A)  0.9800 
C(17)-H(17B)  0.9800 
C(17)-H(17C)  0.9800 
C(18)-C(19)  1.4041(16) 
C(18)-C(23)  1.4089(16) 
C(19)-C(20)  1.3976(16) 
C(19)-C(24)  1.5067(16) 
C(20)-C(21)  1.3894(17) 
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C(20)-H(20)  0.9500 
C(21)-C(22)  1.3940(17) 
C(21)-C(25)  1.5114(15) 
C(22)-C(23)  1.3966(16) 
C(22)-H(22)  0.9500 
C(23)-C(26)  1.5107(16) 
C(24)-H(24A)  0.9800 
C(24)-H(24B)  0.9800 
C(24)-H(24C)  0.9800 
C(25)-H(25A)  0.9800 
C(25)-H(25B)  0.9800 
C(25)-H(25C)  0.9800 
C(26)-H(26A)  0.9800 
C(26)-H(26B)  0.9800 
C(26)-H(26C)  0.9800 
 
C(1)-N(1)-B(1) 124.75(11) 
C(1)-N(1)-H(1N) 113.1(10) 
B(1)-N(1)-H(1N) 122.1(10) 
C(5)-N(2)-B(2) 126.13(10) 
C(5)-N(2)-H(2N) 113.4(9) 
B(2)-N(2)-H(2N) 120.4(9) 
N(1)-B(1)-C(4) 114.60(10) 
N(1)-B(1)-C(9) 118.52(10) 
C(4)-B(1)-C(9) 126.82(10) 
N(2)-B(2)-C(8) 114.13(10) 
N(2)-B(2)-C(18) 120.14(10) 
C(8)-B(2)-C(18) 125.72(10) 
C(2)-C(1)-N(1) 120.08(11) 
C(2)-C(1)-H(1) 120.0 
N(1)-C(1)-H(1) 120.0 
C(1)-C(2)-C(3) 120.44(11) 
C(1)-C(2)-H(2) 119.8 
C(3)-C(2)-H(2) 119.8 
C(4)-C(3)-C(2) 123.35(11) 
C(4)-C(3)-H(3) 118.3 
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C(2)-C(3)-H(3) 118.3 
C(3)-C(4)-C(5) 118.65(10) 
C(3)-C(4)-B(1) 116.71(10) 
C(5)-C(4)-B(1) 124.64(10) 
C(6)-C(5)-N(2) 117.37(10) 
C(6)-C(5)-C(4) 124.07(10) 
N(2)-C(5)-C(4) 118.53(9) 
C(5)-C(6)-C(7) 121.46(10) 
C(5)-C(6)-H(6) 119.3 
C(7)-C(6)-H(6) 119.3 
C(8)-C(7)-C(6) 122.73(10) 
C(8)-C(7)-H(7) 118.6 
C(6)-C(7)-H(7) 118.6 
C(7)-C(8)-B(2) 118.14(10) 
C(7)-C(8)-H(8) 120.9 
B(2)-C(8)-H(8) 120.9 
C(14)-C(9)-C(10) 118.59(11) 
C(14)-C(9)-B(1) 121.80(10) 
C(10)-C(9)-B(1) 119.34(11) 
C(11)-C(10)-C(9) 119.72(11) 
C(11)-C(10)-C(15) 119.83(11) 
C(9)-C(10)-C(15) 120.42(11) 
C(12)-C(11)-C(10) 121.87(12) 
C(12)-C(11)-H(11) 119.1 
C(10)-C(11)-H(11) 119.1 
C(11)-C(12)-C(13) 118.13(11) 
C(11)-C(12)-C(16) 120.66(12) 
C(13)-C(12)-C(16) 121.20(12) 
C(12)-C(13)-C(14) 121.48(12) 
C(12)-C(13)-H(13) 119.3 
C(14)-C(13)-H(13) 119.3 
C(13)-C(14)-C(9) 120.19(11) 
C(13)-C(14)-C(17) 119.60(11) 
C(9)-C(14)-C(17) 120.13(10) 
C(10)-C(15)-H(15A) 109.5 
C(10)-C(15)-H(15B) 109.5 
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H(15A)-C(15)-H(15B) 109.5 
C(10)-C(15)-H(15C) 109.5 
H(15A)-C(15)-H(15C) 109.5 
H(15B)-C(15)-H(15C) 109.5 
C(12)-C(16)-H(16A) 109.5 
C(12)-C(16)-H(16B) 109.5 
H(16A)-C(16)-H(16B) 109.5 
C(12)-C(16)-H(16C) 109.5 
H(16A)-C(16)-H(16C) 109.5 
H(16B)-C(16)-H(16C) 109.5 
C(14)-C(17)-H(17A) 109.5 
C(14)-C(17)-H(17B) 109.5 
H(17A)-C(17)-H(17B) 109.5 
C(14)-C(17)-H(17C) 109.5 
H(17A)-C(17)-H(17C) 109.5 
H(17B)-C(17)-H(17C) 109.5 
C(19)-C(18)-C(23) 118.19(10) 
C(19)-C(18)-B(2) 121.47(10) 
C(23)-C(18)-B(2) 120.22(10) 
C(20)-C(19)-C(18) 120.38(10) 
C(20)-C(19)-C(24) 119.02(10) 
C(18)-C(19)-C(24) 120.60(10) 
C(21)-C(20)-C(19) 121.50(11) 
C(21)-C(20)-H(20) 119.2 
C(19)-C(20)-H(20) 119.2 
C(20)-C(21)-C(22) 118.16(10) 
C(20)-C(21)-C(25) 120.19(11) 
C(22)-C(21)-C(25) 121.64(11) 
C(21)-C(22)-C(23) 121.38(11) 
C(21)-C(22)-H(22) 119.3 
C(23)-C(22)-H(22) 119.3 
C(22)-C(23)-C(18) 120.32(10) 
C(22)-C(23)-C(26) 119.69(10) 
C(18)-C(23)-C(26) 119.98(10) 
C(19)-C(24)-H(24A) 109.5 
C(19)-C(24)-H(24B) 109.5 
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H(24A)-C(24)-H(24B) 109.5 
C(19)-C(24)-H(24C) 109.5 
H(24A)-C(24)-H(24C) 109.5 
H(24B)-C(24)-H(24C) 109.5 
C(21)-C(25)-H(25A) 109.5 
C(21)-C(25)-H(25B) 109.5 
H(25A)-C(25)-H(25B) 109.5 
C(21)-C(25)-H(25C) 109.5 
H(25A)-C(25)-H(25C) 109.5 
H(25B)-C(25)-H(25C) 109.5 
C(23)-C(26)-H(26A) 109.5 
C(23)-C(26)-H(26B) 109.5 
H(26A)-C(26)-H(26B) 109.5 
C(23)-C(26)-H(26C) 109.5 
H(26A)-C(26)-H(26C) 109.5 
H(26B)-C(26)-H(26C) 109.5 
_____________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
 Table 4.   Anisotropic displacement parameters  (Å2x 103) for sad_a.  The anisotropic 
displacement factor exponent takes the form:  -22[ h2 a*2U11 + ...  + 2 h k a* b* U12 ] 
______________________________________________________________________________  
 U11 U22  U33 U23 U13 U12 
______________________________________________________________________________  
N(1) 15(1)  29(1) 22(1)  -3(1) -2(1)  -2(1) 
N(2) 14(1)  18(1) 13(1)  -1(1) 1(1)  0(1) 
B(1) 16(1)  16(1) 20(1)  -2(1) 1(1)  -1(1) 
B(2) 14(1)  16(1) 17(1)  1(1) 2(1)  1(1) 
C(1) 11(1)  28(1) 32(1)  -2(1) 3(1)  -1(1) 
C(2) 16(1)  26(1) 26(1)  -1(1) 8(1)  -1(1) 
C(3) 17(1)  21(1) 19(1)  -1(1) 2(1)  0(1) 
C(4) 14(1)  14(1) 19(1)  -1(1) 2(1)  1(1) 
C(5) 14(1)  12(1) 16(1)  1(1) 3(1)  1(1) 
C(6) 16(1)  22(1) 16(1)  -2(1) 4(1)  1(1) 
C(7) 19(1)  28(1) 16(1)  -4(1) -2(1)  0(1) 
C(8) 12(1)  26(1) 20(1)  -2(1) -1(1)  0(1) 
C(9) 14(1)  22(1) 16(1)  -3(1) -3(1)  0(1) 
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C(10) 22(1)  22(1) 21(1)  -4(1) -2(1)  -2(1) 
C(11) 29(1)  24(1) 25(1)  -9(1) 1(1)  3(1) 
C(12) 22(1)  34(1) 20(1)  -6(1) 4(1)  2(1) 
C(13) 24(1)  25(1) 20(1)  0(1) 2(1)  -3(1) 
C(14) 17(1)  22(1) 17(1)  -2(1) -2(1)  1(1) 
C(15) 47(1)  22(1) 35(1)  -5(1) 7(1)  -6(1) 
C(16) 40(1)  47(1) 33(1)  -11(1) 17(1)  0(1) 
C(17) 32(1)  19(1) 24(1)  -1(1) 5(1)  0(1) 
C(18) 10(1)  20(1) 14(1)  -1(1) 0(1)  -1(1) 
C(19) 15(1)  20(1) 17(1)  0(1) 1(1)  -2(1) 
C(20) 18(1)  18(1) 20(1)  -3(1) 2(1)  1(1) 
C(21) 15(1)  26(1) 16(1)  -1(1) 2(1)  0(1) 
C(22) 17(1)  22(1) 17(1)  4(1) 2(1)  -2(1) 
C(23) 13(1)  20(1) 16(1)  0(1) -1(1)  0(1) 
C(24) 29(1)  20(1) 27(1)  1(1) 10(1)  -2(1) 
C(25) 27(1)  30(1) 23(1)  0(1) 11(1)  3(1) 
C(26) 21(1)  19(1) 23(1)  1(1) 3(1)  2(1) 
______________________________________________________________________________  
 Table 5.   Hydrogen coordinates ( x 104) and isotropic  displacement parameters (Å2x 10 3) 
for sad_a. 
________________________________________________________________________________  
 x  y  z  U(eq) 
________________________________________________________________________________  
  
H(1N) 2746(15) 8789(9) 7328(14) 32(4) 
H(2N) 6859(14) 8662(8) 7958(13) 26(4) 
H(1) 1545 8817 8811 29 
H(2) 2402 8840 10597 27 
H(3) 4549 8875 10849 23 
H(6) 6314 9297 11089 22 
H(7) 8444 9411 11396 25 
H(8) 9871 9181 9985 23 
H(11) 6394 7519 5145 31 
H(13) 6822 9790 5041 27 
H(15A) 4058 7333 6782 52 
H(15B) 5092 7381 7755 52 
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H(15C) 5362 6914 6623 52 
H(16A) 7649 9033 3525 60 
H(16B) 7302 8151 3446 60 
H(16C) 8447 8420 4215 60 
H(17A) 6007 10249 7556 38 
H(17B) 4661 10288 6983 38 
H(17C) 5844 10596 6314 38 
H(20) 10864 7369 6279 23 
H(22) 10920 9619 5636 22 
H(24A) 8441 7184 7705 38 
H(24B) 9263 7422 8779 38 
H(24C) 9827 6870 7837 38 
H(25A) 12810 8491 5152 39 
H(25B) 11753 8625 4218 39 
H(25C) 11999 7791 4704 39 
H(26A) 9850 10489 6752 32 
H(26B) 9448 10237 7997 32 
H(26C) 8482 10171 6968 32 
________________________________________________________________________________  
 Table 6.  Torsion angles [°] for sad_a. 
________________________________________________________________  
C(1)-N(1)-B(1)-C(4) -1.38(17) 
C(1)-N(1)-B(1)-C(9) 176.06(11) 
C(5)-N(2)-B(2)-C(8) 2.45(17) 
C(5)-N(2)-B(2)-C(18) -176.39(10) 
B(1)-N(1)-C(1)-C(2) -0.3(2) 
N(1)-C(1)-C(2)-C(3) 0.69(19) 
C(1)-C(2)-C(3)-C(4) 0.88(19) 
C(2)-C(3)-C(4)-C(5) 176.88(11) 
C(2)-C(3)-C(4)-B(1) -2.57(17) 
N(1)-B(1)-C(4)-C(3) 2.70(15) 
C(9)-B(1)-C(4)-C(3) -174.49(11) 
N(1)-B(1)-C(4)-C(5) -176.72(10) 
C(9)-B(1)-C(4)-C(5) 6.10(18) 
B(2)-N(2)-C(5)-C(6) -1.90(17) 
B(2)-N(2)-C(5)-C(4) 176.25(10) 
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C(3)-C(4)-C(5)-C(6) -16.79(17) 
B(1)-C(4)-C(5)-C(6) 162.62(11) 
C(3)-C(4)-C(5)-N(2) 165.20(10) 
B(1)-C(4)-C(5)-N(2) -15.39(16) 
N(2)-C(5)-C(6)-C(7) -0.03(17) 
C(4)-C(5)-C(6)-C(7) -178.06(11) 
C(5)-C(6)-C(7)-C(8) 1.18(19) 
C(6)-C(7)-C(8)-B(2) -0.50(18) 
N(2)-B(2)-C(8)-C(7) -1.16(16) 
C(18)-B(2)-C(8)-C(7) 177.61(11) 
N(1)-B(1)-C(9)-C(14) 101.79(13) 
C(4)-B(1)-C(9)-C(14) -81.12(15) 
N(1)-B(1)-C(9)-C(10) -84.21(14) 
C(4)-B(1)-C(9)-C(10) 92.88(14) 
C(14)-C(9)-C(10)-C(11) 1.05(17) 
B(1)-C(9)-C(10)-C(11) -173.14(11) 
C(14)-C(9)-C(10)-C(15) 179.28(11) 
B(1)-C(9)-C(10)-C(15) 5.08(17) 
C(9)-C(10)-C(11)-C(12) -0.19(19) 
C(15)-C(10)-C(11)-C(12) -178.42(12) 
C(10)-C(11)-C(12)-C(13) -1.15(19) 
C(10)-C(11)-C(12)-C(16) 177.68(12) 
C(11)-C(12)-C(13)-C(14) 1.63(18) 
C(16)-C(12)-C(13)-C(14) -177.19(12) 
C(12)-C(13)-C(14)-C(9) -0.78(18) 
C(12)-C(13)-C(14)-C(17) 175.91(11) 
C(10)-C(9)-C(14)-C(13) -0.59(16) 
B(1)-C(9)-C(14)-C(13) 173.46(10) 
C(10)-C(9)-C(14)-C(17) -177.25(11) 
B(1)-C(9)-C(14)-C(17) -3.21(16) 
N(2)-B(2)-C(18)-C(19) -85.03(14) 
C(8)-B(2)-C(18)-C(19) 96.27(14) 
N(2)-B(2)-C(18)-C(23) 99.00(13) 
C(8)-B(2)-C(18)-C(23) -79.71(15) 
C(23)-C(18)-C(19)-C(20) 2.78(16) 
B(2)-C(18)-C(19)-C(20) -173.27(10) 
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C(23)-C(18)-C(19)-C(24) -177.08(10) 
B(2)-C(18)-C(19)-C(24) 6.87(16) 
C(18)-C(19)-C(20)-C(21) -1.22(17) 
C(24)-C(19)-C(20)-C(21) 178.64(11) 
C(19)-C(20)-C(21)-C(22) -0.88(17) 
C(19)-C(20)-C(21)-C(25) 178.14(11) 
C(20)-C(21)-C(22)-C(23) 1.36(17) 
C(25)-C(21)-C(22)-C(23) -177.65(11) 
C(21)-C(22)-C(23)-C(18) 0.24(17) 
C(21)-C(22)-C(23)-C(26) -178.87(10) 
C(19)-C(18)-C(23)-C(22) -2.30(16) 
B(2)-C(18)-C(23)-C(22) 173.80(10) 
C(19)-C(18)-C(23)-C(26) 176.81(10) 
B(2)-C(18)-C(23)-C(26) -7.09(15) 
________________________________________________________________  
Symmetry transformations used to generate equivalent atoms:  
  
3.5.5 Spectral Library 
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Chapter 4 
Development and Applications of a Boron Protecting Group Strategy for 1,2-
Azaborines 
4.1 Introduction 
 Our group is continually striving to develop general solutions for synthetic control 
over the substitution at every ring position of 1,2-azaborines (hereafter abbreviated 
azaborines) in order to facilitate the application of these BN heterocycles in materials 
science and medicinal chemistry (Figure 4.1).1 Recent efforts introduced protocols for the 
diverse functionalization of the nitrogen, boron, C3, and C6 ring positions,2 and to a 
lesser extent the C4 and C5 ring positions. Other contributions to the azaborine synthetic 
toolbox have involved substituting the boron position with a range of reaction partners 
through simple nucleophilic addition/elimination,3 NAS,4 rhodium catalyzed arylation,5 
or rhodium catalyzed dehydrogenative borylation.6  
 
 
                                                          
1 For an overview, see: (a) Fritsch, A. J.; Chem. Heterocycl. Compd. 1977, 30, 381-440; (b) Abbey, E. R.; 
Liu, S.-Y. Org. Biomol. Chem. 2013, 11, 2060-2069; (c) Liu, Z.; Marder, T. B. Angew. Chem. Int. Ed. 
2008, 47, 242-244; (d) Campbell, P. G.; Marwitz, A. J. V.; Liu, S.-Y. Angew. Chem. Int. Ed. 2012, 51, 
6074-6092. 
2 (a) Abbey, E. R.; Lamm, A. N.; Baggett, A. W.; Zakharov, L. N.; Liu, S.-Y. J. Am. Chem. Soc. 2013, 135, 
12908-12913; (b) Brown, A. N.; Li, B.; Liu, S.-Y. J. Am. Chem. Soc. 2015, 137, 8932-8935; (c) Baggett, A. 
W.; Vasiliu, M.; Li, B.; Dixon, D. A.; Liu, S.-Y. J. Am. Chem. Soc. 2015, 137, 5536-5541. 
3 (a) Marwitz, A. J. V.; Abbey, E. R.; Jenkins, J. T.; Zakharov, L. N.; Liu, S.-Y. Org. Lett. 2007, 9, 4905-
4908; (b) Marwitz, A. J. V.; Matus, M. H.; Zakharov, L. N.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. 
Ed. 2009, 48, 973-977. 
4 Lamm, A. N.; Garner, E. B.; Dixon, D. A.; Liu, S.-Y. Angew. Chem. Int. Ed. 2011, 50, 8157-8160. 
5 Rudebusch, G. E.; Zakharov, L. N.; Liu, S.-Y. Angew. Chem. Int. Ed. 2013, 52, 9316-9319. 
6 Brown, A. N.; Zakharov, L. N.; Mikulas, T.; Dixon, D. A.; Liu, S.-Y. Org. Lett. 2014, 16, 3340-3343. 
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Manipulation of the boron position of azaborines forms the core of all of our 
synthetic efforts as the nature of the boron substituent greatly influences properties of 
azaborines such as solubility, volatility, stability towards air and moisture,7 reactivity 
towards nucleophiles, and stability during the course of relatively harsh transformations 
such as Suzuki coupling. For example, C6-B(pin) azaborines bearing alkyl or aryl groups 
at the ring boron position exhibit high stability during Suzuki couplings with a diverse 
range of aryl bromide coupling partners, but C6-B(pin) azaborines bearing alkoxy groups 
or hydrogen at the ring boron position only tolerate a greatly restricted set of cross 
coupling conditions and coupling partners.2c Conversely, azaborines bearing alkoxy 
groups, chloride, or hydrogen at boron readily react with a variety of nucleophiles in 
displacement reactions, whereas azaborines bearing alkyl or aryl groups at boron do not 
undergo similar displacements. 
Clearly an important facet of azaborine chemistry is matching the boron 
substitution state to the desired reactivity and stability profiles of the heterocycle. In 
contrast to the wide variety of methods available to convert B-OR, B-Cl, or B-H 
azaborines into B-alkyl or B-aryl azaborines, no corresponding protocol exists to carry 
out the reverse transformation (Scheme 4.1, eq. 1). The development of such a method is 
highly desirable because it would enable alkyl or aryl groups to serve as removable boron 
protecting groups during reaction sequences requiring synthetic steps incompatible with 
azaborines bearing labile substituents at boron (Scheme 4.1, eq. 2). We envisioned that a 
reasonable strategy to carry out this transformation would involve oxidation of a B-alkyl 
or B-aryl azaborine to a versatile B-O-alkyl azaborine.2a 
 
                                                          
7 Lamm, A. N.; Liu, S.-Y. Mol. BioSyst. 2009, 5, 1303-1305. 
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Conversion of alkyl boranes to alkyl boronates through the use of hydrogen 
peroxide reagents8 is a cornerstone transformation in the synthesis of alcohols from 
alkenes,9 but application of similar conditions to azaborine substrates results in extensive 
decomposition of the aromatic heterocycles. A report from Jiao and coworkers describing 
the relatively mild copper catalyzed oxidation of aryl ketones to aryl esters using 
molecular oxygen as the sole oxidant caught our attention as a potentially viable 
alternative (Scheme 4.2, eq. 1).10 We postulated that perceived similarities between the 
reactivity of the electrophilic carbonyl carbon involved in this transformation (Scheme 
4.2, eq. 2) and the known reactivity of the electrophilic boron atom of azaborines 
(Scheme 4.2, eq. 3) may allow an analogous transformation to occur for azaborine 
substrates under similar conditions using a copper (I) source and either molecular oxygen 
or a dialkylperoxide as the stoichiometric oxidant.  
                                                          
8 Johnson, J. R.; Van Campen, M. G., Jr. J. Am. Chem. Soc. 1938, 60, 121-122. 
9 Brown, H. C.; Rao, B. C. S. J. Am. Chem. Soc. 1956, 78, 5694-5695. 
10 Huang, X.; Li, X.; Zou, M.; Song, S.; Tang, C.; Yuan, Y.; Jiao, N. J. Am. Chem. Soc. 2014, 136, 14858-
14865. 
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This chapter describes the successful application of a copper catalyzed protocol 
inspired by the above report by Jiao and coworkers to carry out the azaborine B-R to B-
OR transformation while leaving the azaborine ring intact. We describe our initial 
investigations of the mechanistic features of this transformation and how our experiments 
reveal a mechanistic picture considerably different from that presented by Jiao. Finally, 
we discuss the applications of this method to access azaborines that require removal of a 
B-alkyl group as a key synthetic step. 
4.2 Background 
4.2.1 Examples of Conversion of B-Alkyl/Aryl Azaborines to B-OR Substrates 
 Only a limited number of reports have described the B-R to B-OR transformation 
of azaborines. In 1968 Paetzold and coworkers reported the conversion of 4.3 to 4.4 and 
4.5 via the simple treatment of 4.3 with hydroxide and alcohol (Scheme 4.3).11 The 
perfluorophenyl substituent likely accentuated the electrophilicity of the azaborine boron 
                                                          
11 Paetzold, P. I.; Stohr, G.; Maisch, H.; Lenz, H. Chem. Ber. 1968, 101, 2881-2888. 
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and thereby promoted nucleophilic attack of the hydroxide ion. Furthermore, the 
relatively stabilized perfluorophenyl anion served as a good leaving group to allow 
generation of the B-OH species 4.4 which was easily converted to B-OMe species 4.5. 
The low stability of the B-(C6F5) moiety towards hydroxide, however, precluded this 
method from consideration as an option for our method development. 
 
 
 Molander and coworkers described a palladium catalyzed protocol capable of 
transferring an aryl group from the boron position of an azaborine naphthalene to the C3 
position that started with a bromo substituent. A representative example is shown in 
Scheme 4.4.12 This protocol functioned for a wide range of substrates featuring alkyl 
groups at the nitrogen position and substituted aryl groups at the boron position. 
However, the chemistry failed to work with N-H substituted azaborines. The authors 
proposed that the steric bulk of a nitrogen substituent caused the phenyl group to rotate 
out of plane with the azaborine ring, reducing the orbital overlap shared between the 
rings and weakening the B-Caryl bond such that the reaction could take place. 
 
 
 
                                                          
12 Molander, G. A.; Wisniewski, S. R. J. Org. Chem. 2014, 79, 8339-8347. 
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 Zhang and coworkers observed multiple B-Ph to B-OH transformations in a BN 
analog of coronene that took place simply under atmospheric conditions (Scheme 4.5).13 
During attempts to grow crystals of BN-coronene 4.9, the authors noted that if undried 
solvents were used 4.9 converted to 4.10 in the presence of residual moisture. The nature 
of 4.10 was confirmed by an X-Ray structure and spectroscopy. In this case, the low 
aromatic character of the formal azaborine rings likely allows hydrolysis of the B-phenyl 
bond due to the greater Lewis acidity of the boron atom in this system compared to that 
of the boron atom in monocyclic azaborines. 
 
 
 Finally, Rombouts and coworkers noticed the formation of B-OH byproducts such 
as 4.14 during their efforts to synthesize a library of BN-quinolines from vinyl pyridines 
                                                          
13 Li, G.; Xiong, W.-W.; Gu, P.-Y.; Cao, J.; Zhu, J.; Ganguly, R.; Li, Y.; Grimsdale, A. C.; Zhang, Q. Org. 
Lett. 2015, 17, 560-563. 
604
such as 4.11 and BF3K salts (Scheme 4.6).
14 The formation of the oxidized byproducts 
occurred with B-aryl and B-alkyl BF3K salts as reaction partners, and the authors 
attributed the formation of the byproducts to oxidative processes caused by traces of 
oxygen in the reaction systems since the reactions were set up under atmospheric 
conditions and purged with nitrogen prior to heating. The authors supported this 
hypothesis by monitoring a solution of 4.15 in aerated deuterated methanol over the 
course of several days and observing the appearance of peaks corresponding to 4.16 and 
benzyl alcohol 4.17. To the best of our knowledge these represent the only reports of B-
alkyl or B-aryl azaborines undergoing conversion to isolable B-OH or B-OR substrates. 
 
 
4.2.2 Copper Catalyzed Oxidative Processes 
 The ability of copper to mediate oxidative bond forming reactions in the presence 
of molecular oxygen has been known and exploited for nearly 150 years following a 
seminal report by Glaser detailing the oxidative dimerization of copper phenylacetylide 
4.19 to form diphenyldiacetylene 4.20 (Scheme 4.7).15 A variety of oxidants besides 
                                                          
14 Casado, M. R. S.; Jimenez, M. C.; Bueno, M. A.; Barriol, M.; Leenaerts, J. E.; Pagliuca, C.; Lamenca, C. 
M.; DeLucas, A. I.; Garcia, A.; Trabanco, A. A.; Rombouts, F. J. R. Eur. J. Org. Chem. 2015, 5221-5229. 
15 (a) Glaser, C. Ber. Dtsch. Chem. Ges. 1869, 2, 422-424; (b) Glaser, C. Ann. Chem. Pharm. 1870, 154, 
137-171. 
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molecular oxygen such as hypervalent iodine reagents, benzoquinones, peroxy acids, and 
alkyl peroxides can also be used in concert with copper sources for catalysis requiring 
oxidation of copper.16 Many characteristics of copper make it an ideal metal catalyst for a 
wide variety of transformations:17 it can readily access Cu(0), Cu(I), Cu(II), and Cu(III) 
oxidation states and therefore one- or two-electron processes, it forms complexes in 
different oxidation states with Lewis bases or π–systems, and it is rapidly oxidized from 
the Cu(I) state to the Cu(II) state simply under aerobic conditions.18 The activity of 
copper as the sole catalyst19 in oxidative bond forming reactions has been extensively 
reviewed,17,20 and the field is constantly expanding. 
 
 
4.2.2.1 Influential Work Preceding and Following Jiao’s Ketone Oxidation Report 
 The fundamental challenge addressed by Jiao and coworkers in their 2014 report 
was the oxidative cleavage of the C(CO)-Calkyl bond of aryl alkyl ketones.
10,21 The 
authors acknowledged the successes achieved by other groups regarding the activation of 
                                                          
16 Modern Oxidation Methods, ed. Baeckvall, J. E. VCH-Wiley, Weinheim, 2004. 
17 Allen, S. E.; Walvoord, R. R.; Padilla-Salinas, R.; Kozlowski, M. C. Chem. Rev. 2013, 113, 6234-6458. 
18 Jhaveri, A. S.; Sharma, M. M. Chem. Eng. Sci. 1967, 22, 1-6. 
19 The activity of copper as a co-catalyst in aerobic oxidative processes is also well established, for 
example, in the industrial Wacker oxidation of alkenes to aldehydes and ketones. 
20 (a) Rawlinson, D. J.; Sosnovsky, G. Synthesis 1972, 1-28; (b) Siemsen, P.; Livingston, R. C.; Diederich, 
F. Angew. Chem. Int. Ed. 2000, 39, 2632-2657; (c) Gamez, P.; Aubel, P. G.; Driessen, W. L.; Reedijk, J. 
Chem. Soc. Rev. 2001, 30, 376-385; (d) Punniyamurthy, T.; Velusamy, S.; Iqbal, J. Chem. Rev. 2005, 105, 
2329-2363; (e) Punniyamurthy, T.; Rout, L. Coord. Chem. Rev. 2008, 252, 134-154; (f) Wendlandt, A. E.; 
Suess, A. M.; Stahl, S. S. Angew. Chem. Int. Ed. 2011, 50, 11062-11087; (g) Campbell, A. N.; Stahl, S. S. 
Acc. Chem. Res. 2012, 45, 851-863; (h) Shi, Z.; Zhang, C.; Tang, C.; Jiao, N. Chem. Soc. Rev. 2012, 41, 
3381-3430. 
21 Chen, F.; Wang, T.; Jiao, N. Chem. Rev. 2014, 114, 8613-8661. 
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C(CO)-C bonds of ketones using either chelation-enabled strategies22 or substrates 
bearing activating or leaving groups at the α–position,23 and sought to introduce a method 
suitable for carrying out a similar oxidative transformation using unactivated substrates 
such as methyl or ethyl aryl ketones. 
 Two reports in particular provided inspiration for this 2014 report by Jiao—first, a 
report from Q. Liu and coworkers described the copper-catalyzed cleavage of (hetero)aryl 
methyl ketones such as 4.21 to yield (hetero)aryl aldehydes such as 4.25 (Scheme 4.8).24 
This system functioned in the presence of molecular oxygen and a simple copper (I) 
halide to cleave the C(CO)-C bond of methyl ketones via the loss of formic acid, which 
decomposed to carbon dioxide and hydrogen under the reaction conditions. The authors 
proposed the intermediacy of oxidized species 4.23 since the reaction functioned with 
equal efficiency when an α,α-dihydroxylated compound similar to 4.23 was used as the 
                                                          
22 (a) Suggs, J. W.; Jun, C.-H. J. Am. Chem. Soc. 1984, 106, 3054-3056; (b) Jones, W. Nature 1993, 364, 
676-677; (c) Chatani, N.; Ie, Y.; Kakiuchi, F.; Murai, S. J. Am. Chem. Soc. 1999, 121, 8645-8646; (d) Jun, 
C.-H.; Moon, C. W.; Lim, S.-G.; Lee, H. Org. Lett. 2002, 4, 1595-1597; (e) Park, Y. J.; Park, J.-W.; Jun, 
C.-H. Acc. Chem. Res. 2008, 41, 222-234; (f) Wentzel, M. T.; Reddy, V. J.; Hyster, T. K.; Douglas, C. J. 
Angew. Chem. Int. Ed. 2009, 48, 6121-6123; (g) Rathbun, C. M.; Johnson, J. B. J. Am. Chem. Soc. 2011, 
133, 2031-2033; (h) Lei, Z.-Q.; Li, H.; Li, Y.; Zhang, X.-S.; Chen, K.; Wang, X.; Sun, J.; Shi, Z.-J. Angew. 
Chem. Int. Ed. 2012, 51, 2690-2694; (i) Lutz, J. P.; Rathbun, C. M.; Stevenson, S. M.; Powell, B. M.; 
Boman, T. S.; Baxter, C. E.; Zona, J. M.; Johnson, J. B. J. Am. Chem. Soc. 2012, 134, 715-722; (j) Wang, 
J.; Chen, W.; Zuo, S.; Liu, L.; Zhang, X.; Wang, J. Angew. Chem. Int. Ed. 2012, 51, 12334-12338. 
23 (a) Wakui, H.; Kawasaki, S.; Satoh, T.; Miura, M.; Nomura, M. J. Am. Chem. Soc. 2004, 126, 8658-
8659; (b) Horino, Y. Angew. Chem. Int. Ed. 2007, 46, 2144-2146; (c) Goosen, L. J.; Rodriguez, N.; 
Goosen, K. Angew. Chem. Int. Ed. 2008, 47, 3100-3120; (d) Shang, R.; Fu, Y.; Li, J.-B.; Zhang, S.-L.; Guo, 
Q.-X.; Liu, L. J. Am. Chem. Soc. 2009, 131, 5738-5739; (e) He, C.; Guo, S.; Huang, L.; Lei, A. J. Am. 
Chem. Soc. 2010, 132, 8273-8275; (f) Fang, P.; Li, M.; Ge, H. J. Am. Chem. Soc. 2010, 132, 11898-11899; 
(g) Li, H.; Li, W.; Liu, W.; He, Z.; Li, Z. Angew. Chem. Int. Ed. 2011, 50, 2975-2978; (h) Kuninobu, Y.; 
Matsuzaki, H.; Nishi, M.; Takai, K. Org. Lett. 2011, 13, 2959-2961; (i) Baidya, M.; Yamamoto, H. J. Am. 
Chem. Soc. 2011, 133, 13880-13882; (j) Pusterla, I.; Bode, J. W. Angew. Chem. Int. Ed. 2012, 51, 513-516; 
(k) Tiwari, B.; Zhang, J.; Chi, Y. R. Angew. Chem. Int. Ed. 2012, 51, 1911-1914; (l) Zhang, C.; Xu, Z.; 
Shen, T.; Wu, G.; Zhang, L.; Jiao, N. Org. Lett. 2012, 14, 2362-2365; (m) Arisawa, M.; Kuwajima, M.; 
Toriyama, F.; Li, G.; Yamaguchi, M. Org. Lett. 2012, 14, 3804-3807; (n) Dermenci, A.; Whittaker, R. E.; 
Dong, G. Org. Lett. 2013, 15, 2242-2245; (o) Zou, L.-H.; Priebbenow, D. L.; Wang, L.; Mottweiler, J.; 
Bolm, C. Adv. Synth. Catal. 2013, 355, 2558-2563; (p) Sun, X.; Li, P.; Zhang, X.; Wang, L. Org. Lett. 
2014, 16, 2126-2129; (q) Feng, P.; Sun, X.; Su, Y.; Li, X.; Zhang, L.-H.; Shi, X.; Jiao, N. Org. Lett. 2014, 
16, 3388-3391. 
24 Zhang, L.; Bi, X.; Guan, X.; Li, X.; Liu, Q.; Barry, B.-D.; Liao, P. Angew. Chem. Int. Ed. 2013, 52, 
11303-11307. 
607
starting material. Therefore, the key advance in this work was the oxidation of 4.21 to 
4.23, allowing expulsion of the formic acid leaving group as the driving force.23 
 
 
 Second, an earlier report from Jiao and coworkers described the conversion of 
(hetero)aryl methyl ketones such as 4.26 to amides such as 4.31 using a similar copper (I) 
catalyzed system in the presence of molecular oxygen (Scheme 4.9).25 In this case, the 
ketone methyl group was also oxidized under the catalytic conditions, and the tetrahedral 
intermediate 4.30 collapsed during a process that eliminated two leaving groups at once: 
nitrogen gas and formaldehyde. When the authors used alcohols as nucleophiles in place 
of the azide, an analogous reaction to form an ester failed to occur since there was no 
leaving group on the alcohol. Changing the copper source from Cu(II) to Cu(I), removing 
the TEMPO additive, and running the reaction under anhydrous conditions led to the 
successful esterification system10 described in Scheme 4.2 that inspired our work.  
 
 
 
                                                          
25 Tang, C.; Jiao, N. Angew. Chem. Int. Ed. 2014, 53, 6528-6532. 
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Since the 2014 report by Jiao and coworkers, a number of other groups disclosed 
similar oxidative copper catalyzed transformations of ketones into carboxylic acids,26 
amides,27 α-ketoesters,28 β-ketophosphonates,29 quinazolinones,30 nitriles,31 
benzimidazolinones,32 and 1,3,4-oxadiazoles.33 These reports highlight the versatility of 
copper catalyzed transformations of alkyl ketones. 
4.2.2.2 Select Oxidations Using Copper Catalysts and DTBP as Oxidant 
Due to the known decomposition of many azaborines in the presence of oxygen, 
we also investigated established copper oxidation systems using di-tert-butyl peroxide 
(DTBP 4.33) instead of molecular oxygen as the stoichiometric oxidant. The details and 
                                                          
26 Sathyanarayana, P.; Ravi, O.; Muktapuram, P. R.; Bathula, S. R. Org. Biomol. Chem. 2015, 13, 9681. 
27 (a) Subramanian, P.; Indu, S.; Kaliappan, K. P. Org. Lett. 2014, 16, 6212-6215; (b) Ding, W.; Song, Q. 
Org. Chem. Front. 2015, 2, 765-770; (c) Zhou, W.; Fan, W.; Jiang, Q.; Liang, Y.-F.; Jiao, N. Org. Lett. 
2015, 17, 2542-2545; (d) Fan, W.; Yang, Y.; Lei, J.; Jiang, Q.; Zhou, W. J. Org. Chem. 2015, 80, 8782-
8789. 
28 (a) Xu, X.; Ding, W.; Lin, Y.; Song, Q. Org. Lett. 2015, 17, 516-519; (b) Huang, X.; Li, X.; Zou, M.; 
Pan, J.; Jiao, N. Org. Chem. Front. 2015, 2, 354-359. 
29 Zhou, Y.; Zhou, M.; Chen, M.; Su, J.; Du, J.; Song, Q. RSC Adv. 2015, 5, 103977-103981. 
30 Li, Z.; Dong, J.; Chen, X.; Li, Q.; Zhou, Y.; Yin, S.-F. J. Org. Chem. 2015, 80, 9392-9400. 
31 Xu, B.; Jiang, Q.; Zhao, A.; Jia, J.; Liu, Q.; Luo, W.; Guo, C. Chem. Commun. 2015, 51, 11264-11267. 
32 Wang, M.; Lu, J.; Ma, J.; Zhang, Z.; Wang, F. Angew. Chem. Int. Ed. 2015, 54, 14061-14065. 
33 Gao, Q.; Liu, S.; Wu, X.; Zhang, J.; Wu, A. Org. Lett. 2015, 17, 2960-2963. 
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kinetics of the activation of DTBP by Cu(I) were explored by Warren, Cundari and 
coworkers in a series of reports including a key mechanistic study34 showing that a 
copper (I) source rapidly cleaves DTBP to generate two equivalents of [Cu(II)]-O-t-Bu 
that can engage in reactions involving one-electron pathways such as CH oxygenation 
incorporating half of DTBP into a product (Scheme 4.10).35 A number of recent reports 
following this fundamental work have applied this combination of reagents to carry out 
diverse oxidative transformations of a variety of organic starting materials. 
 
 
Chen and coworkers reported the methylation of aryl amides such as 4.37 using 
copper chloride 4.18 as catalyst and DTBP 4.33 as the stoichiometric oxidant (Scheme 
4.11)36. In this reaction, a methyl group was transferred from the peroxide oxidant to the 
amide to generate acetone and tert-butanol as byproducts. This method offered a 
convenient alternative to normal alkylations of amides involving strongly basic 
conditions and allowed over-methylation to be suppressed. 
 
                                                          
34 Gephart, R. T., III; McMullin, C. L.; Sapiezynski, N. G.; Jang, E. S.; Aguila, M. J. B.; Cundari, T. R.; 
Warren, T. H. J. Am. Chem. Soc. 2012, 134, 17350-17353. 
35 (a) Badiei, Y. M.; Dinescu, A.; Dai, X.; Palomino, R. M.; Heinemann, F. W.; Cundari, T. R.; Warren, T. 
H. Angew. Chem. Int. Ed. 2008, 47, 9961-9964; (b) Wiese, S.; Badiei, Y. M.; Gephart, R. T., III; Mossin, 
S.; Varonka, M. S.; Melzer, M. M.; Meyer, K.; Cundari, T. R.; Warren, T. H. Angew. Chem. Int. Ed. 2010, 
49, 8850-8855; (c) Gephart, R. T., III; Huang, D. L.; Aguila, M. J. B.; Schmidt, G.; Shahu, A.; Warren, T. 
H. Angew. Chem. Int. Ed. 2012, 51, 6488-6492; (d) Gephart, R. T., III; Warren, T. H. Organometallics 
2013, 31, 7728-7752. (e) Jang, E. S.; McMullin, C. L.; Kas, M.; Meyer, K.; Cundari, T. R.; Warren, T. H. 
J. Am. Chem. Soc. 2014, 136, 10930-10940. 
36 Xia, Q.; Liu, X.; Zhang, Y.; Chen, C.; Chen, W. Org. Lett. 2013, 15, 3326-3329. 
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A report from Wei and coworker described the conversion of (hetero)aryl 
aldehydes such as 4.41 to esters such as 4.42 through an oxidative copper catalyzed 
process (Scheme 4.12, eq. 1).37 This route provides a convenient route to tert-butyl esters 
and represents an alternative to other related reaction pathways such as Pinnick oxidation 
followed by Fischer esterification. A following report from the same authors described 
application of a closely related process to oxidize benzyl alcohols such as 4.43  to benzyl 
esters such as 4.45 (Scheme 4.12, eq. 2).38 The key changes from the first system involve 
the use of ligand 4.44 and running the reaction neat in the benzyl alcohol. A third 
disclosure from Wei reported the direct alkenylation of alkanes such as 4.32 with styrenes 
such as 4.46 to generate (E)-styrenes such as 4.48 (Scheme 4.12, eq. 3).39 
 
 
 
 
 
 
                                                          
37 Zhu, Y.; Wei, Y. RSC Adv. 2013, 3, 13668-13670. 
38 Zhu, Y.; Wei, Y. Eur. J. Org. Chem. 2013, 4503-4508. 
39 Zhu, Y.; Wei, Y. Chem. Sci. 2014, 5, 2379-2382. 
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Mao and coworkers reported the synthesis of α,β-unsaturated acylamides 
(cinnamamides) such as 4.52 via a copper catalyzed protocol starting from cinnamic 
acids (e.g., 4.49 in Scheme 4.13) and formamides such as 4.50.40 This report provided a 
synthetic route to cinnamamides—a class of compound whose members show diverse 
biological activity—that avoids the use of reagents such as phosphoryl chloride or thionyl 
chloride typically used in the chlorination of cinnamic acid in traditional syntheses. The 
                                                          
40 Yan, H.; Yang, H.; Lu, L.; Liu, D.; Rong, G.; Mao, J. Tetrahedron 2013, 69, 7258-7263. 
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substrate scope of this transformation extended across a wide range of cinnamic acids and 
N-substituted formamides. 
 
 
Hartwig and coworkers introduced two similar copper catalyzed transformations. 
In the first report, the authors described the alkylation of amides such as 4.53 with 
unactivated alkanes such as 4.32 to generate N-alkylated amides such as 4.55 (Scheme 
4.14, eq. 1).41 The broad scope of this reaction with respect to both reaction partners 
identified it as a favorable method to alkylate amides with simple alkane starting 
materials, avoiding overalkylation that may take place during methods employing strong 
bases and alkyl halides. Mechanistic experiments in this paper supported the authors’ 
proposal of tert-butoxy radicals as intermediates. In a second report, Hartwig and 
coworkers disclosed the related oxidative carboxylation of unactivated alkanes such as 
4.32 with benzoic acids such as 4.56 to generate allylic esters such as 4.57 (Scheme 4.14, 
eq. 2).42 This reaction produced materials similar to those obtained from the classic 
Kharasch-Sosnovsky reaction,43 but starts from alkanes rather than from alkenes. This 
process occurred by dehydrogenation of the alkane material to an alkene, followed by 
allylic oxidation. In contrast to the first report, this reaction did not require a ligand. 
 
                                                          
41 Tran, B. L.; Li, B.; Driess, M.; Hartwig, J. F. J. Am. Chem. Soc. 2014, 136, 2555-2563. 
42 Tran, B. L.; Driess, M.; Hartwig, J. F. J. Am. Chem. Soc. 2015, 136, 17292-17301. 
43 Kharasch, M. S.; Sosnovsky, G. J. Am. Chem. Soc. 1958, 80, 756-756. 
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Kanai and coworkers released two recent reports detailing copper catalyzed 
oxidative processes using DTBP as oxidant. First, the authors reported the cyclization of 
2-methyl benzimidazoles such as 4.58 to form cyclized products such as 4.60 (Scheme 
4.15, eq. 1).44 This intramolecular ring closing provides an efficient route to 
heteroaromatic systems bearing cyclic ether moieties. Second, the authors disclosed a 
more general method involving the carbamation of alkanes such as 4.61with isocyanates 
such as 4.62 to generate alkyl carbamates such as 4.65 (Scheme 4.15, eq. 2).45 The 
authors were inspired by the work of Warren and Hartwig (vide supra) to apply a similar 
protocol to generate a different class of alkylated materials. The carbamation reaction 
proved to be widely applicable to a range of alkanes and isocyanates as reaction partners, 
                                                          
44 Takemura, N.; Kuninobu, Y.; Kanai, M. Org. Biomol. Chem. 2014, 12, 2528-2532. 
45 Chikkade, P. K.; Kuninobu, Y.; Kanai, M. Chem. Sci. 2015, 6, 3195-3200. 
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although the yields were moderate. This reaction incorporated one half of DTBP 4.33 
into the final product. 
 
 
 
 A report from Huang and coworkers demonstrated the synthesis of 6-alkyl 
phenanthridines such as 4.68 via the cascade alkylarylation of 2-isocyanobiphenyls (e.g., 4.66) 
with alkanes (e.g., 4.32) (Scheme 4.16).46 This reaction sequence took advantage of the known 
activity of the Cu/DTBP system in generating radicals from simple alkanes (vide supra). In this 
reaction, the organic radical generated from a simple alkane attacks the terminal carbon atom of 
the isonitrile group and begins a radical cyclization process that grants the fused heterocycle. The 
reaction was compatible with diverse biphenyl starting materials and a range of cyclic alkanes. 
                                                          
46 Zhu, Z.-Q.; Wang, T.-T.; Bai, P.; Huang, Z.-Z. Org. Biomol. Chem. 2014, 12, 5839-5842. 
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 Zhu and coworkers reported three related copper catalyzed oxidative transformations 
within the last year. The first report described the synthesis of γ–cyano ketones such as 4.72 via 
the cyanomethylation of allyl alcohols (e.g., 4.69) with alkyl nitriles (e.g., 4.70) (Scheme 4.17, 
eq. 1).47 This reaction results in the formation of a new quaternary center following migration of 
an aryl group from the carbon bonded to the hydroxy group in the ally alcohol starting material. 
In the second report, the authors disclosed a three-component esterification of alkenes such as 
4.73 with alkyl nitriles such as 4.70 and alcohols such as 4.74 (Scheme 4.17, eq. 2).48 This work 
extended the scope of transformations suitable for functionalizing the alpha position of alkyl 
nitriles as part of the authors’ research program, and provides access to γ-alkoxy alkyl nitriles 
which can be challenging to access by other routes. Finally, Zhu and coworkers reported a closely 
related oxyalkylation of allylic alcohols such as 4.76 with alkyl nitriles such as 4.70 to access 
epoxides such as 4.78 (Scheme 4.17, eq. 3)49. This multicomponent reaction used relatively 
simple starting materials to produce complex organic structures suitable for a wide range of 
subsequent transformations. 
 
                                                          
47 Bunescu, A.; Wang, Q.; Zhu, J. Angew. Chem. Int. Ed. 2015, 54, 3132-3135. 
48 Chatalova-Sazapin, C.; Wang, Q.; Sammis, G. M.; Zhu, J. Angew. Chem. Int. Ed. 2015, 54, 5443-5446. 
49 Bunescu, A.; Wang, Q.; Zhu, J. Org. Lett. 2015, 17, 1890-1893. 
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 Three reports from Tang and coworkers described the alkylarylation of alkenes such as 
4.80 using AIBN as a reagent to access indolinones such as 4.81 (Scheme 4.18).50 This 
                                                          
50 (a) Zhou, D.; Li, Z.-H.; Li, J.; Li, S.-H.; Wang, M.-W.; Luo, X.-L.; Ding, G.-L.; Sheng, R.-L.; Fu, M.-J.; 
Tang, S. Eur. J. Org. Chem. 2015, 1606-1612; (b) Tang, S.; Li, Z.-H.; Zhou, D.; Deng, Y.-L.; Ding, G.-L.; 
Zhang, Q.; Liu, L.-Y.; Li, S.-H. Synth. Commun. 2015, 45, 1231-1239; (c) Tang, S.; Li, S.-H.; Li, Z.-H.; 
Zhou, D.; Sheng, R.-L. Tetrahedron Lett. 2015, 56, 1423-1426. 
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cyclization reaction provided access to indolinones primed for further functionalization via the 
nitrile functional group. The method was suitable for a broad range of alkene starting materials. 
 
 
 
 
 Kondo and coworkers reported a copper catalyzed synthetic route to N-aryl-
isoindolinones such as 4.84 from benzamides such as 4.82 (Scheme 4.19).51 This method 
represented a simple approach to synthesize N-aryl-isoindolinones using a broad range of 
substituted benzamides as starting materials. 
 
 
 Finally, Antonchick and coworker reported a (2+1) annulation of acetophenones such as 
4.86 with maleimides such as 4.85 to produce complex cyclopropanes such as 4.89 (Scheme 
4.20).52 This work was proposed to rely on the generation of a radical on the alpha carbon of the 
acetophenones starting material which then added to the unsaturated carbon backbone of the 
maleimide to generate a new radical which could be trapped by Cu(II) to form key intermediate 
                                                          
51 Nozawa-Kumada, K.; Kadokawa, J.; Kameyama, T.; Kondo, Y. Org. Lett. 2015, 17, 4479-4481. 
52 Manna, S.; Antonchick, A. P. Angew. Chem. Int. Ed. 2015, 54, 14845-14848. 
618
4.88. This Cu(III) intermediate presumably formed a complex with the enol form of the ketone 
while simultaneously expelling tert-butoxide and subsequently underwent reductive elimination 
to expel Cu(I) and the cyclized product. This work presented the first example of a copper 
catalyzed stereoselective generation of fused cyclopropanes. 
 
 
4.3 Copper Catalyzed Oxidation of Azaborines 
4.3.1 Initial Investigations Using the N-H, B-n-Bu Substrate 
4.3.1.1 Initial Discovery 
 At the outset of this project, we envisioned that a mechanism similar to that 
provided in Scheme 4.2 could occur to grant access to B-OR azaborines from B-alkyl 
azaborines (vide supra).10 With this hypothesis in mind, we initially tested the activity of 
the readily available N-H, B-n-Bu azaborine 4.902a under the exact conditions presented 
by Jiao and coworkers (Scheme 4.21). We were delighted to find that a 11B NMR 
spectrum of the reaction revealed the complete consumption of B-alkyl azaborine 4.90 
(11B shift ~ 35 ppm) and appearance of a peak corresponding with the desired B-butoxy 
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material 4.912a (11B shift ~ 30 ppm) and a minor peak assigned to one or more B(OR)3 
species produced as undesired side products (11B shift ~ 20 ppm). 
 
 
 
 
 
4.3.1.2 Optimization of Reaction Conditions 
 Encouraged by this promising result, we surveyed a wide range of reaction 
conditions to optimize the transformation and learn simple lessons about the possible 
mechanism of the reaction. We chose GC as the method of choice by which to quantify 
the conversion and product yield of the reaction, and exchanged n-butanol for n-
dodecanol as the alcohol reaction partner. We strategically chose this longer-chain 
alcohol for two key reasons: first, the N-H, B-O-n-dodecyl azaborine 4.93 is more stable 
to silica gel purification than is N-H, B-O-n-Bu azaborine 4.91, and second, we noticed 
the presence of inefficient direct conversion of 4.90 to 4.91 in the absence of butanol in 
the reaction shown in Scheme 4.21. Using dodecanol as the reaction partner allowed us to 
quantify the production of two different B-OR azaborine materials 4.91 and 4.93 that 
may arise from distinct reaction pathways. 
 After brief preliminary reaction optimizations resulting in the standard conditions 
shown in Table 4.1, we systematically investigated the effects of modifying every aspect 
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of the reaction. The data found in Table 4.1 describe the effect of the reaction atmosphere 
on the outcome of the reaction. Under a pure oxygen atmosphere, 4.90 was converted to 
N-H, B-O-n-Bu species 4.91 in 15 % yield and N-H, B-O-n-dodecyl species 4.93 in 64% 
yield (entry 1). The reaction did not proceed under a nitrogen atmosphere (entry 2) and 
was less efficient with an air atmosphere rather than one of pure oxygen (entries 3-4). In 
the sealed system, a noticeable vacuum developed during the course of the reaction 
indicating consumption of oxygen. These data indicate the requirement of oxygen by this 
reaction system. 
 
 
 We next investigated the effect of different additives in place of CuBr 4.2 (Table 
4.2). Switching to other copper (I) sources had only a small effect on the conversion and 
yield of the reaction (entries 2-4) with Cu(OAc) 4.94 offering a modest improvement in 
yield and selectivity between products 4.93 and 4.91. Copper (II) sources were effective 
in promoting the reaction with similar efficiency as copper (I) sources (entries 5-9), 
although CuF2 or Cu2O performed noticeably worse than the other species. Other first-
row transition metal salts performed more poorly than copper salts in this reaction 
(entries 9-14). Second- and third-row transition metal salts were similarly inefficient in 
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promoting this transformation (entries 15-18). Traditional Lewis acids failed to 
efficiently promote the reaction (entries 19-20) suggesting that the copper species 
engages in the reaction beyond possible activity as a Lewis acid. A Bronsted acid also led 
to low conversion and yield relative to the system using a copper additive (entry 21). 
Removing the metal additive altogether had a detrimental effect on the reaction (entry 
22), but actually led to higher yields and conversion than several sets of reaction 
conditions. These data demonstrate the uniquely beneficial effect of copper additives on 
the reaction conversion and yields compared with those obtained from systems involving 
other transition metal or Lewis acid additives, or a system involving no additive at all. 
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 We also investigated the effects of solvent, amount of alcohol, and necessity of 
base additive on the efficiency of the reaction (Table 4.3). Switching the solvent to 
chlorobenzene resulted in a modest decrease in yield (entry 2). When n-BuOH 4.1 was 
used as the alcohol additive, the reaction proceeded to nearly the same yield of B-OR 
material as in the standard reaction (entry 3). Removing the pyridine from the system 
resulted in decreased conversion and yield (entry 4), and reducing the equivalents of 
alcohol 4.92 resulted in a less favorable ratio of 4.91 to 4.93 (entry 5). 
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 We examined the effects of reaction time, temperature, and catalyst loading next 
(Table 4.4). The reaction was nearly complete after 15 minutes (entry 2), and longer 
reaction times did not result in significant loss of yield (entries 3-5), consistent with prior 
observations made in our group that B-OR azaborines are much more stable towards 
oxygen than are B-alkyl azaborines.53 The reaction proceeded only very slowly at room 
temperature (entry 6), and reduction of the reaction temperature to 110 °C had a 
detrimental effect on the conversion and yield (entry 7), while raising the temperature to 
140 °C had little effect on the reaction outcome (entry 8). Altering the catalyst loading to 
5% or 30% had little effect on the reaction outcome (entries 9-10). 
 
 
 
 
 
                                                          
53 Lamm, A. N.; Liu, S.-Y. Mol. BioSyst. 2009, 5, 1303-1305. 
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 In order to learn about background processes that may be happening during the 
reaction, we conducted several simple control experiments (Table 4.5). As mentioned 
above, in the absence of a copper additive the conversion and yield were detrimentally 
affected (entry 2). When the alcohol additive was removed from the system, 4.91 was 
still produced in 25% yield, consistent with the observation of 4.91 as a product in all of 
the prior tables (entry 3). In the absence of both the copper additive and the alcohol, 4.91 
was still produced although the removal of copper negatively affected the yield (entry 4). 
We showed that the pyridine had no noticeable effect on the background reaction as its 
removal from the system did not alter the conversion or yield (entry 5). Finally, we 
obtained evidence that a radical pathway may be responsible for product formation by 
demonstrating that the standard reaction is almost completely suppressed by the presence 
of the widely applied radical scavenger BHT 4.111 (entry 6). 
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4.3.1.3 Brief Summary and Bridge to 4.3.2 
 Although we demonstrated that the desired B-R to B-OR transformation was 
possible under the aerobic conditions inspired by Jiao and coworkers, the best yields were 
only modest due to competitive decomposition of the azaborine material to B(OR)3 
species during the course of the reaction. The direct oxygenation of 4.90 to 4.91 (Table 
4.5, entry 3) provided evidence that a different mechanistic pathway was operating in our 
case compared to the reaction reported by Jiao, perhaps involving initial direct attack of 
oxygen on boron54 and loss of the boron substituent as a radical rather than as an 
aldehyde. Although we did not deeply examine the mechanistic features of this 
transformation, we used the valuable lessons we learned from these reactions to improve 
the system significantly. First, we decided to modify the oxidation conditions to involve 
the use of DTBP 4.33 under a nitrogen atmosphere to potentially reduce the prevalence of 
unwanted side reactions between the azaborine substrate and molecular oxygen. Second, 
we investigated the effects of different boron leaving groups on the efficiency of the 
                                                          
54 (a) Nozaki, K.; Oshima, K.; Utimoto, K.; J. Am. Chem. Soc. 1987, 109, 2547-2549; (b) Ollivier, C.; 
Renaud, P. Chem. Rev. 2001, 101, 3415-3434. 
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reaction. Our hypothesis was that 1) the boron substituent is expelled during the reaction 
as a radical species and that 2) this step may be rate limiting, so we investigated the 
reactivity of azaborines bearing benzyl groups at boron that should serve as better radical 
leaving groups but would still grant the same stability towards Suzuki coupling, etc., 
similar to the stability imparted by an n-butyl group. 
4.3.2 New System: DTBP as Oxidant and B-Benzyl Azaborines as Substrates 
4.3.2.1 Synthesis of B-Benzyl Substrates  
 Our synthesis of B-benzyl azaborines followed straightforward protocols 
involving addition of a benzyl Grignard reagent to N-TBS, B-Cl azaborine 4.1123b to 
generate the N-TBS, B-benzyl azaborines 4.115 and 4.116 on gram scale in excellent 
yield. If necessary, both could undergo nitrogen silyl deprotection with TBAF in good 
yield on gram scale to yield N-H, B-benzyl azaborines 4.118 and 4.119 (Scheme 4.22). 
 
 
4.3.2.2 DTBP as the Stoichiometric Oxidant in the B-R to B-OR Transformation 
 With N-H, B-benzyl substrate 4.118 in hand, we investigated the new set of 
conditions based on DTBP as the stoichiometric oxidant for the B-R to B-OR 
transformation as illustrated in Table 4.6. Switching oxidants and substrates resulted in a 
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cleaner transformation to the desired product 4.93 with only a small amount of the B-O-t-
Bu product 4.120 observed and a nearly stoichiometric amount of bibenzyl formed as a 
byproduct (entry 1). In contrast to the reaction using molecular oxygen, removal of the 
copper nearly completely suppressed the conversion of 4.118 (entry 2). Removal of 
pyridine or the substitution of pyridine with triethylamine resulted in similarly low 
conversions and yields for the reaction (entries 3-4) consistent with the work covered 
above highlighting the use of pyridyl or quinolinyl ligands in similar systems (vide 
supra). The use of bipyridine in the same stoichiometry as pyridine suppressed the 
reaction somewhat (entry 5).34 In the absence of n-dodecanol the B-O-tert-butyl product 
4.120 was formed via incorporation of one half of DTBP 4.33 into the azaborine system 
(entry 6). Without the oxidant present, the desired reaction did not occur and only 
minimal conversion took place (entry 7). We checked the progress of the reaction at 20 
minutes and observed a minimal gap between conversion and yield (entry 8). The 
reaction required elevated temperatures to occur (entry 9), but could be run 40 °C lower 
than the reactions described in Tables 4.1-4.5. Switching the solvent had little effect on 
the reaction beyond promoting formation of 4.120 (entry 10). Finally, we replaced DTBP 
with tert-butyl hydrogen peroxide 4.123 and observed a less efficient reaction with a 
worse gap between conversion and yield of 4.93 (entry 11). 
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4.3.2.3 Mechanistic Features of the B-R to B-OR Transformation With DTBP 
We performed several additional experiments designed to inform us about the 
mechanistic features of the transformation (Table 4.7). As already stated, removal of the 
copper additive resulted in complete suppression of the reaction (entry 2); however, 
raising the temperature of the Cu-free reaction in the presence of DTBP 4.33 resulted in 
limited conversion and yield (entry 3). This result demonstrated that while copper 
facilitated the production of tert-butoxy radicals likely involved in the reaction, these 
radical species could be generated thermolytically in limited fashion and then could react 
directly with the azaborine substrate.  
Presumably, the copper (I) salt in the standard reaction was oxidized to a Cu(II) 
alkoxide by DTBP prior to the reaction with the azaborine. Therefore, we wondered 
whether a stoichiometric amount of Cu(II) methoxide 4.124 could promote the reaction in 
the absence of an oxidant or a Cu(I) starting additive. As can be seen from entry 4, 4.124 
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reacted slowly with 4.118 to lead to the generation of 4.93, demonstrating only limited 
competency of this species for the transformation.55 
Similar to the results from entry 4, the reaction functioned to a reasonable extent 
in the presence of CuBr2 4.98 even in the absence of an oxidant (entry 5). This result 
suggested that a copper (II) alkoxide could be formed via simple ligand exchange with 
the n-dodecanol in solution and then presumably generate an alkoxide radical. Finally we 
explored the reactivity of 4.118 with molecular oxygen in the absence of any additives 
besides alcohol 4.92. In contrast to the sluggish room-temperature reaction between N-H, 
B-n-Bu azaborine 4.90 and oxygen (Table 4.4, entry 6), 4.118 underwent nearly 
quantitative decomposition to unknown products and small amounts of 4.93 in the 
presence of oxygen at elevated temperature or at room temperature (entries 6-9). 
Bibenzyl was not formed in appreciable amounts in these reactions, suggesting that the 
previously observed formation of bibenzyl resulted from a copper-mediated process 
rather than the encounter of free radicals in solution. 
 
 
 
 
 
 
 
 
                                                          
55 4.93 could be formed either via initial exchange of dodecanol for methanol at copper prior to reaction 
with the azaborine, or via exchange of a B-OMe bond for a B-O-n-dodecyl bond following oxidation. 
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 These experiments and the detailed mechanistic studies performed by others56 
allowed us to propose a tentative mechanism for the B-R to B-OR transformation using 
the system based on copper and DTBP (Figure 4.1). The initial step involved generation 
of a Cu(II) alkoxide species from the reaction of a Cu(I) species with the DTPB oxidant 
with concomitant formation of a tert-butoxide radical.35e Next, the alkoxide radical 
attacked the azaborine boron atom via a one-electron pathway to generate azaborine 
radical 4.125. We believe that the Cu metal may serve as a reservoir for the tert-butoxide 
radical. A Cu(I) species may then have mediated the removal of the boron benzyl group 
to generate the azaborine product 4.120, which exchanged alkoxy groups with the 
dodecanol 4.92 to generate the ultimate azaborine product 4.93. The copper (II) benzyl 
species could finally have mediated a second benzyl group removal to generate another 
                                                          
56 See the references in section 4.2.2.2, primarily Reference 34. 
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equivalent of 4.120 and a Cu(III) dialkyl species57 that could produce bibenzyl by 
reductive elimination and regeneration of a Cu(I) species.  
 
 
 
 
 
                                                          
57 (a) Yoshikai, N.; Nakamura, E. Chem. Rev. 2012, 112, 2339-2372; (b) Shen, R.; Iwasaki, T.; Terao, J.; 
Kambe, N. Chem. Commun. 2012, 48, 9313-9315; (c) Iwasaki, T.; Imanishi, R.; Shimizu, R.; Kuniyasu, H.; 
Terao, J.; Kambe, N. J. Org. Chem. 2014, 79, 8522-8532. 
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4.3.3 Substrate Scope and Applications of DTBP B-R to B-OR Reaction 
4.3.3.1 Azaborine Substrate Scope of B-R to B-OR Transformation 
 With a set of optimized reaction conditions in hand we explored the substrate 
scope with respect to the azaborine reagent in this transformation (Figure 4.2). The NMR 
yields for the deprotection of B-benzyl substrates were excellent, and the validity of the 
yields that were higher than those observed by GC were confirmed by the high isolated 
yield of the N-TBS, B-O-n-dodecyl product 4.126 from the deprotection of 4.115.58 The 
only bibenzyl species observed following the deprotection of 4.119 was the symmetrical 
product bearing two OMe groups, demonstrating that there is no crossover between the 
benzyl leaving group and the toluene solvent during the course of this reaction. Substrates 
with N-TBS groups gave good isolated yields in comparison to those with N-H groups 
due to the greater tendency of N-H, B-OR azaborines to bind to silica gel compared to the 
silylated substrates. An azaborine bearing a mesityl group at boron (4.137) failed to 
undergo the reaction, likely due to the steric bulk of the mesityl group preventing 
nucleophilic attack at boron. Finally, substrates bearing substituents at the C3-position 
(4.133 and 4.135) underwent the reaction successfully, albeit in modest yield compared 
to less hindered B-benzyl substrates. 
The deprotection of azaborine substrates bearing B-n-Bu or B-Me groups 
proceeded in good yield, but the deprotection of B-aryl substrates only granted B-OR 
products in modest yield. This trend is consistent with the hypothesis that the homolytic 
                                                          
58 The precise reasons why GC analysis under-reports product yield compared to NMR analysis remain 
unclear. GC analysis of a clean mixture of “known unknown” samples of 4.118 and 4.93 using relative 
response factors determined for these species correctly reports the amounts of materials injected at the same 
dilution as the reaction analyses. Perhaps one or more side products generated during the course of the 
reaction promote some decomposition of the product upon injection and concomitant heating in the GC 
prior to passage through the column and detector. 
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cleavage of the B-R group is rate limiting during the catalytic cycle since benzyl radicals 
are relatively more stable than n-alkyl radicals, which are more stable than aryl radicals.59 
The higher energy barrier that must be overcome to expel an aryl radical from boron 
potentially causes conversion of these substrates to be slower, enabling non-productive 
side reactions to take place at a competitive rate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                          
59 Blanksby, S. J.; Ellison, G. B. Acc. Chem. Res. 2003, 36, 255-263. 
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4.3.3.2 Application: Synthesis of C6-BN-Ethylbenzene 
 With a well-established, high-yielding protocol in place for the boron 
deprotection of B-benzyl azaborines, we turned our attention to using this strategy as a 
key step in the synthesis of C6-ethyl BN-ethylbenzene 4.140 (Figure 4.3, eq. 1). Our 
group has investigated the activity of BN-ethylbenzenes 4.138 and 4.139 towards 
ethylbenzene dehydrogenase,60 and we would like to be able to use more regioisomers of 
BN-ethylbenzenes in similar scenarios to gain as much information as possible about the 
effects of BN/CC isosterism in biologically relevant settings. A straightforward strategy2c 
involving the cross coupling between vinyl bromide and C6-borylated azaborines with 
labile groups already installed at the boron atom failed due to the sensitivity of these 
azaborines towards the cross coupling conditions (Figure 4.3, eq. 2).  
 
 
With this in mind, we identified 4.140 as a target to demonstrate the utility of the 
boron deprotection protocol (Scheme 4.23). Initial borylation of 4.118 under standard 
                                                          
60 Knack, D. H.; Marshall, J. L.; Harlow, G. P.; Dudzik, A.; Szaleniec, M.; Liu, S.-Y.; Heider, J. Angew. 
Chem. Int. Ed. 2013, 52, 2599-2601. 
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iridium catalyzed borylation conditions61 granted C6-B(pin) azaborine 4.145 in excellent 
yield, and this substrate underwent cross coupling without difficulty to generate C6-vinyl 
azaborine 4.147. This substrate was hydrogenated under mild conditions to produce C6-
ethyl azaborine 4.149, which cleanly underwent the boron deprotection protocol to grant 
access to B-OR azaborine 4.150 in high yield. As the final step in the synthesis, we 
reduced 4.150 to the target compound 4.140 using LAH followed by a mild acid, and 
isolated over 100 mg of the volatile C6-ethyl, N-H, B-H azaborine. 
 
 
4.3.3.3 Application: Synthesis of BN-Dihydrobenzofurans and BN-Benzofurans 
 We became interested in applying an intramolecular variant of this method to the 
synthesis of BN-dihydrobenzofurans, which could serve as BN/CC isosteres of the 
dihydrobenzofuran moiety found in a variety of natural products and drugs62 and as 
precursors to BN-benzofurans. To the best of our knowledge there are no examples of 
BN-isosteres of either class of compounds. The synthesis of BN-dihydrobenzofurans 
involved a two-step process: a deprotonation/epoxide ring opening sequence starting 
                                                          
61 Ishiyama, T.; Takagi, J.; Hartwig, J. F.; Miyaura, N. Angew. Chem. Int. Ed. 2002, 47, 3056-3058. 
62 (a) Sneader, W. Drug Discovery: A History. Hoboken, NJ: Wiley. P. 119. ISBN 0-471-89980-1; (b) 
Adams, H.; Gilmore, N. J.; Jones, S.; Muldowney, M. P.; von Reuss, S. H.; Vemula, R. Org. Lett. 2008, 10, 
1457-1460; (c) Koizumi, Y.; Kobayashi, H.; Wakimoto, T.; Furuta, T.; Fukuyama, T.; Kan, T. J. Am. 
Chem. Soc. 2008, 130, 16854-16855. 
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from azaborine 4.118 followed by the copper catalyzed boron oxidation reaction using 
the tethered alcohol resulting from the epoxide ring opening as the reaction partner 
(Table 4.8). Six simple BN-dihydrobenzofurans were produced in good yield over two 
steps with this method including the parent compound 4.153, demonstrating the potential 
for this method to be used to generate a library of BN-dihydrobenzofurans by varying the 
substitution on the epoxide reaction partner. 
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 We next explored the oxidation of BN-dihydrobenzofurans 4.153, 4.156, 4.162 
and 4.165 to the corresponding BN-benzofurans (Scheme 4.24). Phenyl-substituted 4.162 
was converted to the substituted BN-benzofuran 4.169 in good yield after refluxing in 
toluene in the presence of Pd/C for 24 hours; however, only limited success was observed 
when the same conditions were applied to the other substrates. Vinyl-substituted 4.156 
underwent isomerization rather than oxidation, leading to the isolation of 4.170 in modest 
yield. Neither 4.153 nor 4.165 was converted to the corresponding BN-benzofurans under 
these conditions, suggesting that the successful oxidation of 4.162 may be due to the 
driving force resulting from extension of π conjugation in the new BN-benzofuran 4.169. 
 
 
4.4 Conclusion 
 We developed two copper catalyzed reaction systems using either molecular 
oxygen or DTBP as the stoichiometric oxidant that cleanly convert B-alkyl or B-aryl 
azaborine substrates to B-OR materials that can undergo further functionalization at the 
boron atom following the oxidation. We discovered that both reactions are assisted by the 
presence of a copper salt as an additive, but that both reactions can still take place 
without the copper albeit with a significant loss of efficiency. No metal or Lewis acid 
additive besides copper was able to efficiently promote the reaction, and we determined 
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that the key species involved in the azaborine oxidation was most likely an alkoxy 
radical. We investigated the mechanistic features of the reactions by designing 
straightforward experiments and discovering that bibenzyl is formed as a stoichiometric 
byproduct during the deprotection of B-benzyl substrates. The optimized deprotection 
protocol is highly effective for the removal of benzyl groups from azaborines, 
presumably because the benzyl radical that is expelled is relatively stabilized compared to 
other alkyl or aryl radicals. We applied the new method as the key step in the synthesis of 
C6-Ethyl BN-ethylbenzene, and in the synthesis of BN-dihydrobenzofurans and BN-
benzofurans which represent unexplored classes of heterocycles. We anticipate that this 
method will be highly useful to chemists seeking to carry out multi-step transformations 
of azaborines in particular and perhaps boron heterocycles in general that require removal 
of carbon-based boron protecting groups as part of the synthetic sequence. 
4.5 Experimental Section 
4.5.1 General Information 
 11B, 1H, and 13C spectra were recorded on either a Varian Unity/Inova 300 
spectrometer, a Varian Unity/Inova 500 spectrometer, or a Bruker Avance III HD 600 
NMR spectrometer at ambient temperature. Chemical shifts are reported in ppm with the 
solvent resonance as internal standard (CD2Cl2: 5.32 ppm). Data are described as follows 
chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad, m 
= multiplet), coupling constants (Hz), and integration. 13C NMR spectra are reported with 
the solvent resonance as internal standard (CD2Cl2: 54 ppm). 
11B NMR chemical shifts 
are externally referenced to BF3•Et2O (0 ppm). 
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All oxygen- and moisture-sensitive manipulations were carried out under an inert 
atmosphere (N2) using either standard Schlenk techniques or a dry box. 
THF, Et2O, CH2Cl2, toluene, and pentane were purified by passing through a 
neutral alumina column under argon. 2-bromopyridine was dried over KOH, distilled 
under partial vacuum over CaO, and degassed through the freeze-pump-thaw technique 
prior to use. All other chemicals and solvents were purchased and used as received. 
IR spectra were recorded on a Nicolet Magna 550 FT-IR instrument with OMNIC 
software. 
High-resolution mass spectrometry data were obtained at the Boston College mass 
spectrometry facility on a JEOL AccuTOF instrument (JEOL USA, Peabody, MA), 
equipped with a DART ion source (IonSense, Inc., Danvers, MA) in positive ion mode. 
Gas Chromatography was performed using helium as carrier gas on an Agilent 
6850 Series II instrument equipped with a flame ion detector. 
4.5.2 Experimental Procedures 
4.5.2.1 General Procedure for Oxidation Reactions 
General Procedure A for Azaborine Oxidation Using Molecular Oxygen: Inside a 
nitrogen atmosphere dry box, a 4 mL microwave vial was charged with a magnetic stir 
bar, N-H, B-n-butyl azaborine 4.90 (0.030 g, 0.22 mmol), n-dodecanol 4.92 (0.058 g, 
0.31 mmol), CuBr 4.2 (0.003 g, 0.020 mmol), pyridine (0.036 μL), and toluene (0.6 mL). 
The vial was sealed with a septum cap and transferred to a fume hood. A balloon of 
oxygen equipped with a needle was used to charge the atmosphere of the vial with 
oxygen immediately prior to heating. The reaction was allowed to stir at 130 °C for 20 
minutes and then was cooled rapidly to room temperature under a stream of cold water. 
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100 μL of a solution containing 30 mg n-dodecane/100 μL was added and the reaction 
was diluted with 8 mL toluene. 1-2 mL of the solution was passed through an Acrodisc 
into a GC vial and the vial was transferred to the GC instrument where it was analyzed. 
General Procedure B for Azaborine Oxidation Using DTBP: Inside a nitrogen 
atmosphere dry box, a 4 mL microwave vial was charged with a magnetic stir bar, N-H, 
B-benzyl azaborine 4.118 (0.035 g, 0.21 mmol), n-dodecanol 4.92 (0.054 g, 0.29 mmol), 
CuBr 4.2 (0.003 g, 0.020 mmol), pyridine (0.033 μL), DTBP 4.33 (0.036 g, 0.25 mmol) 
and toluene (0.6 mL). The vial was sealed with a septum cap and transferred to a fume 
hood. The reaction was allowed to stir at 90 °C for 45 minutes and then was cooled 
rapidly to room temperature under a stream of cold water. 100 μL of a solution 
containing 30 mg n-dodecane/100 μL was added and the reaction was diluted with 8 mL 
toluene. 1-2 mL of the solution was passed through an Acrodisc into a GC vial and the 
vial was transferred to the GC instrument where it was analyzed. 
General Procedure C for Figure 4.2: Inside a nitrogen atmosphere dry box, a 15 mL 
unregulated pressure vessel was charged with a magnetic stir bar, N-TBS, B-benzyl 
azaborine 4.115 (0.187 g, 0.66 mmol), n-dodecanol 4.92 (0.170 g, 0.92 mmol), CuBr 4.2 
(0.010 g, 0.066 mmol), pyridine (100 μL), DTBP 4.33 (0.12 g, 0.79 mmol), cod (50 μL), 
and toluene-d8 (1.8 mL).63 The vial was sealed with a septum cap and transferred to a 
fume hood. The reaction was allowed to stir at 90 °C for 45 minutes and then was cooled 
rapidly to room temperature under a stream of cold water. NMR spectra were recorded 
before and after the reaction to obtain NMR yields vs. cod as an internal standard. The 
                                                          
63 Cross-calibration against 1,3,5-trimethoxybenzene as an internal standard revealed no decomposition or 
conversion of cod under these reaction conditions. 
643
reaction was concentrated under reduced pressure and the crude material was purified by 
silica gel chromatography using 1:10 ether:pentane as eluent. 
General Procedure D for Table 4.9: Inside a nitrogen atmosphere dry box, a round 
bottom flask was charged with a magnetic stir bar, azaborine 4.118 (0.10 g, 0.59 mmol), 
and THF (2 mL). The flask was sealed and transferred to a fume hood and placed under 
nitrogen. The reaction was chilled to –78 °C and n-butyllithium was added dropwise 
(0.24 mL, 0.62 mmol, 2.65 M/ hexanes). The reaction was allowed to stir at –78 °C for 5 
minutes and then allowed to warm slowly to room temperature. The solution turned from 
colorless to light yellow during this time. The reaction was taken back into a nitrogen 
atmosphere dry box and a solution of epoxide 4.151 (0.23 mL, 0.65 mmol, 2.8 M/ THF) 
was added at room temperature. The reaction was allowed to stir overnight. HCl (0.28 
mL, 2.2 M/ ether) was added and the reaction was concentrated under reduced pressure. 
The crude material was purified by silica gel chromatography using 1:2 ether:pentane as 
eluent.  
After the material had been collected and analyzed, a 4 mL microwave vial was 
charged with a magnetic stir bar, 4.152 (0.16 g, 0.75 mmol), CuBr 4.2 (0.011 g, 0.075 
mmol), pyridine (0.12 mL), DTBP 4.33 (0.13 g, 0.90 mmol), and toluene (2.0 mL). The 
vial was sealed with a septum cap and transferred to a fume hood. The reaction was 
allowed to stir at 90 °C for 45 minutes and then was cooled rapidly to room temperature 
under a stream of cold water. The reaction was concentrated under reduced pressure and 
the crude material was purified by silica gel chromatography using 1:5 ether:pentane as 
eluent. 
4.5.2.2 Preparation of Starting Materials for Tables 4.1-4.5 
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N-H, B-n-Bu  azaborine 4.90 was synthesized as a clear oil from N-H, B-
O-n-Bu azaborine 4.91 following a published protocol.2a Spectra of the 
isolated compound matched published values. 
4.5.2.3 Screening Reactions in Table 4.1 
Entry 1: General Procedure A was followed with no modifications. Analysis of the 
reaction product mixture using GC with n-dodecane as a calibrated internal standard 
revealed 94% conversion of 4.90 and the appearance of 4.93 as the major product in 64% 
yield. 
Entry 2: General Procedure A was followed using a nitrogen atmosphere instead of an 
oxygen atmosphere. Analysis of the reaction product mixture using GC with n-dodecane 
as a calibrated internal standard revealed 2% conversion of 4.90 and no appearance of 
product. 
Entry 3: General Procedure A was followed using a balloon of air rather than of pure 
oxygen to flush the atmosphere of the reaction prior to heating. Analysis of the reaction 
product mixture using GC with n-dodecane as a calibrated internal standard revealed 44% 
conversion of 4.90 and the appearance of 4.93 as the major product in 32% yield. 
Entry 4: General Procedure A was followed running the reaction at reflux open to air 
instead of sealed with a pure oxygen atmosphere. Analysis of the reaction product 
mixture using GC with n-dodecane as a calibrated internal standard revealed 53% 
conversion of 4.90 and the appearance of 4.93 as the major product in 42% yield. 
4.5.2.4 Screening Reactions in Table 4.2 
Entry 1: General Procedure A was followed with no modifications. Analysis of the 
reaction product mixture using GC with n-dodecane as a calibrated internal standard 
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revealed 94% conversion of 4.90 and the appearance of 4.93 as the major product in 64% 
yield. 
Entry 2: General Procedure A was followed using CuCl 4.94 (0.003 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 100% conversion of 4.90 and the appearance of 
4.93 as the major product in 67% yield. 
Entry 3: General Procedure A was followed using CuI 4.22 (0.005 g) instead of CuBr 4.2 
as an additive. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 95% conversion of 4.90 and the appearance of 4.93 
as the major product in 69% yield. 
Entry 4: General Procedure A was followed using Cu(OAc) 4.95 (0.003 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 100% conversion of 4.90 and the 
appearance of 4.93 as the major product in 78% yield. 
Entry 5: General Procedure A was followed using CuF2 4.96 (0.004 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 56% conversion of 4.90 and the appearance of 
4.93 as the major product in 36% yield. 
Entry 6: General Procedure A was followed using CuCl2 4.97 (0.005 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 98% conversion of 4.90 and the appearance of 
4.93 as the major product in 67% yield. 
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Entry 7: General Procedure A was followed using CuBr2 4.98 (0.006 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 94% conversion of 4.90 and the appearance of 
4.93 as the major product in 63% yield. 
Entry 8: General Procedure A was followed using Cu(OAc)2 4.77 (0.004 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 100% conversion of 4.90 and the 
appearance of 4.93 as the major product in 71% yield. 
Entry 9: General Procedure A was followed using Cu2O 4.67 (0.006 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 66% conversion of 4.90 and the appearance of 
4.93 as the major product in 40% yield. 
Entry 10: General Procedure A was followed using FeCl3 4.99 (0.006 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 61% conversion of 4.90 and the appearance of 
4.93 as the major product in 33% yield. 
Entry 11: General Procedure A was followed using FeBr3 4.100 (0.008 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 63% conversion of 4.90 and the 
appearance of 4.93 as the major product in 38% yield. 
Entry 12: General Procedure A was followed using CoCl2 4.4.101 (0.005 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
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dodecane as a calibrated internal standard revealed 77% conversion of 4.90 and the 
appearance of 4.93 as the major product in 30% yield. 
Entry 13: General Procedure A was followed using NiBr2 4.22 (0.007 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 68% conversion of 4.90 and the appearance of 
4.93 as the major product in 32% yield. 
Entry 14: General Procedure A was followed using ZnI2 4.103 (0.007 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 80% conversion of 4.90 and the appearance of 
4.93 as the major product in 40% yield. 
Entry 15: General Procedure A was followed using PdCl2 4.104 (0.008 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 69% conversion of 4.90 and the 
appearance of 4.93 as the major product in 19% yield. 
Entry 16: General Procedure A was followed using AgBr 4.105 (0.006 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 80% conversion of 4.90 and the 
appearance of 4.93 as the major product in 38% yield. 
Entry 17: General Procedure A was followed using AgI 4.106 (0.007 g) instead of CuBr 
4.2 as an additive. Analysis of the reaction product mixture using GC with n-dodecane as 
a calibrated internal standard revealed 86% conversion of 4.90 and the appearance of 
4.93 as the major product in 41% yield. 
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Entry 18: General Procedure A was followed using AuBr3 4.107 (0.012 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 80% conversion of 4.90 and the 
appearance of 4.93 as the major product in 39% yield. 
Entry 19: General Procedure A was followed using InCl3 4.108 (0.008 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 83% conversion of 4.90 and the 
appearance of 4.93 as the major product in 46% yield. 
Entry 20: General Procedure A was followed using Sc(OTf)3 4.109 (0.010 g) instead of 
CuBr 4.2 as an additive. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 57% conversion of 4.90 and the 
appearance of 4.93 as the major product in 10% yield. 
Entry 21: General Procedure A was followed using triethylamine hydrochloride 4.110 
(0.003 g) instead of CuBr 4.2 as an additive. Analysis of the reaction product mixture 
using GC with n-dodecane as a calibrated internal standard revealed 61% conversion of 
4.90 and the appearance of 4.93 as the major product in 32% yield. 
Entry 22: General Procedure A was followed using no additive in place of CuBr 4.2. 
Analysis of the reaction product mixture using GC with n-dodecane as a calibrated 
internal standard revealed 79% conversion of 4.90 and the appearance of 4.93 as the 
major product in 39% yield. 
4.5.2.5 Screening Reactions in Table 4.3 
Entry 1: General Procedure A was followed with no modifications. Analysis of the 
reaction product mixture using GC with n-dodecane as a calibrated internal standard 
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revealed 94% conversion of 4.90 and the appearance of 4.93 as the major product in 64% 
yield. 
Entry 2: General Procedure A was followed using PhCl (0.6 mL) instead of toluene as 
solvent. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 96% conversion of 4.90 and the appearance of 4.93 
as the major product in 56% yield. 
Entry 3: General Procedure A was followed using n-BuOH (0.023 g, 0.31 mmol) as the 
alcohol in place of n-dodecanol. Analysis of the reaction product mixture using GC with 
n-dodecane as a calibrated internal standard revealed 89% conversion of 4.90 and the 
appearance of 4.91 as the major product in 73% yield. 
Entry 4: General Procedure A was modified by removing pyridine from the reaction 
system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 80% conversion of 4.90 and the appearance of 4.93 
as the major product in 57% yield. 
Entry 5: General Procedure A was followed using only 1.0 equiv of alcohol 4.92 instead 
of 1.4 equiv. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 94% conversion of 4.90 and the appearance of 4.93 
as the major product in 60% yield. 
4.5.2.6 Screening Reactions in Table 4.4 
Entry 1: General Procedure A was followed with no modifications. Analysis of the 
reaction product mixture using GC with n-dodecane as a calibrated internal standard 
revealed 94% conversion of 4.90 and the appearance of 4.93 as the major product in 64% 
yield. 
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Entry 2: General Procedure A was followed running the reaction for 15 minutes instead 
of 20 minutes. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 89% conversion of 4.90 and the appearance of 4.93 
as the major product in 59% yield. 
Entry 3: General Procedure A was followed running the reaction for 30 minutes instead 
of 20 minutes. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 100% conversion of 4.90 and the appearance of 4.93 
as the major product in 62% yield. 
Entry 4: General Procedure A was followed running the reaction for 1 hour instead of 20 
minutes. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 100% conversion of 4.90 and the appearance of 4.93 
as the major product in 64% yield. 
Entry 5: General Procedure A was followed running the reaction for 2 hours instead of 
20 minutes. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 100% conversion of 4.90 and the appearance of 4.93 
as the major product in 64% yield. 
Entry 6: General Procedure A was followed running the reaction for 2 hours at room 
temperature instead of 20 minutes at 130 °C. Analysis of the reaction product mixture 
using GC with n-dodecane as a calibrated internal standard revealed 18% conversion of 
4.90 and the appearance of 4.93 as the major product in 5% yield. 
Entry 7: General Procedure A was followed running the reaction at 110 °C instead of 
130 °C. Analysis of the reaction product mixture using GC with n-dodecane as a 
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calibrated internal standard revealed 89% conversion of 4.90 and the appearance of 4.93 
as the major product in 64% yield. 
Entry 8: General Procedure A was followed running the reaction at 140 °C instead of 
130 °C. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 100% conversion of 4.90 and the appearance of 4.93 
as the major product in 62% yield. 
Entry 9: General Procedure A was followed running the reaction with 0.05 equivalents 
of CuBr 4.2 instead of 0.1 equivalents. Analysis of the reaction product mixture using GC 
with n-dodecane as a calibrated internal standard revealed 89% conversion of 4.90 and 
the appearance of 4.93 as the major product in 64% yield. 
Entry 10: General Procedure A was followed running the reaction with 0.3 equivalents 
of CuBr 4.2 instead of 0.1 equivalents. Analysis of the reaction product mixture using GC 
with n-dodecane as a calibrated internal standard revealed 91% conversion of 4.90 and 
the appearance of 4.93 as the major product in 58% yield. 
4.5.2.7 Screening Reactions in Table 4.5 
Entry 1: General Procedure A was followed with no modifications. Analysis of the 
reaction product mixture using GC with n-dodecane as a calibrated internal standard 
revealed 94% conversion of 4.90 and the appearance of 4.93 as the major product in 64% 
yield. 
Entry 2: General Procedure A was followed with CuBr 4.2 removed from the reaction 
system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 79% conversion of 4.90 and the appearance of 4.93 
as the major product in 39% yield. 
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Entry 3: General Procedure A was followed with n-dodecanol 4.92 removed from the 
reaction system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 77% conversion of 4.90 and the appearance of 4.91 
as the major product in 25% yield. 
Entry 4: General Procedure A was followed with CuBr 4.2 and n-dodecanol 4.92 
removed from the reaction system. Analysis of the reaction product mixture using GC 
with n-dodecane as a calibrated internal standard revealed 75% conversion of 4.90 and 
the appearance of 4.91 as the major product in 14% yield. 
Entry 5: General Procedure A was followed with CuBr 4.2, n-dodecanol 4.92, and 
pyridine removed from the reaction system. Analysis of the reaction product mixture 
using GC with n-dodecane as a calibrated internal standard revealed 74% conversion of 
4.90 and the appearance of 4.91 as the major product in 14% yield. 
Entry 6: General Procedure A was followed with BHT 4.111 (0.097 g, 0.44 mmol) added 
to the reaction system. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 5% conversion of 4.90 and the 
appearance of 4.93 as the major product in 4% yield. 
4.5.2.8 Reactions in Scheme 4.22 
Compound 4.115. 4.115 (3.6 g, 97%) was synthesized as a clear oil 
from 4.112 (3.0 g, 13 mmol) and benzylmagnesium chloride 4.113 (13 
mL, 26 mmol, 2.0 M/ THF). Inside a nitrogen atmosphere dry box, 4.112 was dissolved 
in 20 mL ether. The solution of Grignard was added to this flask at room temperature 
over the course of 10 minutes. Completion of the reaction was confirmed by 11B NMR 
and the solvent was removed under a stream of nitrogen. Pentane was added to dissolve 
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the substrate and precipitate magnesium salts, and the mixture was transferred to a silica 
gel column inside a dry box. Chromatography using 99:1 pentane:ether as eluent was 
carried out directly on this suspension. 1H NMR (600 MHz, CD2Cl2): δ 7.42 (dd, 
3JHH = 
11.0, 7.0 Hz, 1H), 7.37 (d, 3JHH = 7.0 Hz, 1H), 7.29 (m, 2H), 7.15 (m, 3H), 6.31 (d, 
3JHH = 
11.0 Hz, 1H), 6.26 (d, 3JHH = 7.0 Hz, 1H), 2.83 (s, 2H), 1.05 (s, 9H), 0.60 (s, 6H); 
13C 
NMR (150 MHz, CD2Cl2): δ 144.7, 143.2, 138.8, 131.1 (br), 129.9, 128.7, 124.7, 111.5, 
31.2 (br), 27.0, 19.7, -0.98; 11B NMR (192 MHz, CD2Cl2): δ 40.7; FTIR (thin film): ῦ = 
3024, 2954, 2929, 2884, 2857, 1606, 1507, 1492, 1470, 1454, 1390, 1361, 1263, 1139, 
1059, 1029, 1016, 983, 937, 901, 839, 820, 809, 784, 760, 737, 697, 628, 580, 544; 
HRMS (DART) calcd for C17H27BNSi [M + 1]
+ 284.20058, 284.20151 found. 
Compound 4.116. 4.116 (4.5 g, 94%) was synthesized as a 
white solid from 4.112 (3.5 g, 15 mmol) and 4-methoxybenzyl 
chloride (6.0 g, 38 mmol). Inside a nitrogen atmosphere dry box, 
4-methoxybenzyl chloride was dissolved in 8 mL THF and added to magnesium turnings 
(1.9 g, 77 mmol). The reaction was allowed to stir at room temperature for 2 hours during 
which time a gentle reflux was observed as the Grignard reagent 4.114 was formed. This 
Grignard reagent solution was added in 5 mL portions to 4.112 dissolved in 10 mL ether 
until the reaction was judged to be complete by 11B NMR. Pentane was added at this 
point to precipitate magnesium salts and the reaction was filtered through a fritted glass 
funnel. The filtrate was concentrated under reduced pressure and the crude material was 
purified by silica gel chromatography using 1:20 ether:pentane as the eluent. 1H NMR 
(600 MHz, CD2Cl2): δ 7.41 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.35 (d, 
3JHH = 7.5 Hz, 1H), 
7.05 (d, 3JHH = 8.5 Hz, 2H), 6.83 (d, 
3JHH = 8.5 Hz, 2H), 6.33 (d, 
3JHH = 11.0 Hz, 1H), 
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6.26 (t, 3JHH = 7.5 Hz, 1H), 3.79 (s, 3H), 2.74 (s, 2H), 1.03 (s, 9H), 0.57 (s, 6H); 
13C 
NMR (150 MHz, CD2Cl2): δ 157.4, 143.1, 138.8, 136.4, 131.2 (br), 130.6, 114.1, 111.4, 
55.7, 29.8 (br), 27.0, 19.7, -1.0; 11B NMR (192 MHz, CD2Cl2): δ 40.2; FTIR (thin film): 
ῦ = 2952, 2828, 2817, 1606, 1505, 1454, 1390, 1361, 1317, 1295, 1240, 1176, 1140, 
1093, 1058, 1037, 1017, 983, 937, 840, 820, 809, 784, 738, 710, 688, 641, 620, 569, 533, 
507; HRMS (DART) calcd for C18H29BNOSi [M + 1]
+ 314.21115, 314.21088 found. 
Compound 4.118. 4.118 (1.8 g, 63%) was synthesized as a clear oil 
from 4.115 (4.8 g, 17 mmol) and tetra-n-butylammonium fluoride 
(TBAF) (17 mL, 17 mmol, 1 M in THF). Inside a nitrogen atmosphere dry box, TBAF 
was added to a solution of 4.115 in 60 mL THF at room temperature. Running the 
reaction at a higher concentration resulted in decomposition of material. The reaction was 
allowed to stir for 10 minutes. The reaction was transferred to a fume hood and extracted 
three times with ether/water. The organic phases were combined and dried over MgSO4. 
The solids were removed by filtration and the filtrate was concentrated under reduced 
pressure. Inside the dry box the crude material was purified by silica gel chromatography 
using 1:20 ether:pentane as eluent. 1H NMR (600 MHz, CD2Cl2): δ 7.66 (br s, 1H), 7.59 
(dd, 3JHH = 11.0, 7.5 Hz, 1H), 7.30 (m, 2H), 7.17 (m, 4H), 6.73 (d, 
3JHH = 11.0 Hz, 1H), 
6.24 (t, 3JHH = 7.5 Hz, 1H), 2.77 (s, 2H); 
13C NMR (150 MHz, CD2Cl2): δ 144.1, 143.1, 
134.2, 129.9 (br), 129.3, 129.1, 124.9, 110.4, 28.0 (br); 11B NMR (192 MHz, CD2Cl2): δ 
36.4; FTIR (thin film): ῦ = 3376, 3019, 2877, 1613, 1598, 1530, 1491, 1458, 1419, 1353, 
1260, 1227, 1204, 1190, 1157, 1115, 1086, 1063, 1028, 987, 905, 852, 810, 765, 720, 
707, 699, 626, 615, 569, 561, 531, 456; HRMS (DART) calcd for C11H13BN [M + 1]
+ 
170.11410, 170.11465 found. 
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Compound 4.119. 4.119 (1.4 g, 72%) was synthesized as a 
white solid from 4.116 (3.0 g, 9.6 mmol) and tetra-n-
butylammonium fluoride (TBAF) (9.6 mL, 9.6 mmol, 1 M in THF). Inside a nitrogen 
atmosphere dry box, TBAF was added to a solution of 4.116 in 10 mL THF at room 
temperature. The reaction was allowed to stir for 10 minutes. The reaction was 
transferred to a fume hood and extracted three times with ether/water. The organic phases 
were combined and dried over MgSO4. The solids were removed by filtration and the 
filtrate was concentrated under reduced pressure. Inside the dry box the crude material 
was purified by silica gel chromatography using 1:15 ether:pentane as eluent. 1H NMR 
(600 MHz, CD2Cl2): δ 7.70 (br s, 1H), 7.62 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.18 (t, 
3JHH = 
7.5 Hz, 1H), 7.10 (d, 3JHH = 8.5 Hz, 2H), 6.89 (d, 
3JHH = 8.5 Hz, 2H), 6.76 (d, 
3JHH = 11.0 
Hz, 1H), 6.25 (m, 1H), 3.80 (s, 3H), 2.72 (s, 2H); 13C NMR (150 MHz, CD2Cl2): δ 157.5, 
144.0, 134.8, 134.2, 130.2 (br), 130.1, 114.6, 110.4, 55.7, 26.8 (br); 11B NMR (192 MHz, 
CD2Cl2): δ 36.2; FTIR (thin film): ῦ = 3264, 3013, 2892, 1599, 1573, 1543, 1498, 1454, 
1424, 1370, 1353, 1312, 1304, 1277, 1154, 1126, 890, 862, 826, 810, 788, 761, 745, 711, 
658, 646, 590, 570, 562, 529, 479; HRMS (DART) calcd for C12H15BNO [M + 1]
+ 
200.12467, 200.12411 found. 
4.5.2.9 Screening Reactions in Table 4.6 
Entry 1: General Procedure B was followed with no modifications. Analysis of the 
reaction product mixture using GC with n-dodecane as a calibrated internal standard 
revealed 100% conversion of 4.118 and the appearance of 4.93 as the major product in 
75% yield. 
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Entry 2: General Procedure B was followed with CuBr 4.2 removed from the reaction 
system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 1% conversion of 4.90 and no product. 
Entry 3: General Procedure B was followed with pyridine removed from the reaction 
system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 24% conversion of 4.90 and the appearance of 4.93 
as the major product in 15% yield. 
Entry 4: General Procedure B was followed with triethylamine instead of pyridine used 
as a base additive in the reaction system. Analysis of the reaction product mixture using 
GC with n-dodecane as a calibrated internal standard revealed 16% conversion of 4.90 
and the appearance of 4.93 as the major product in 9% yield. 
Entry 5: General Procedure B was followed with bipyridine (1.0 equiv) instead of 
pyridine used as a base additive in the reaction system. Analysis of the reaction product 
mixture using GC with n-dodecane as a calibrated internal standard revealed 72% 
conversion of 4.90 and the appearance of 4.93 as the major product in 9% yield. 
Entry 6: General Procedure B was followed with alcohol 4.92 removed from the reaction 
system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 81% conversion of 4.90 and the appearance of 4.120 
as the major product in 59% yield. 
Entry 7: General Procedure B was followed with DTBP 4.33 removed from the reaction 
system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 2% conversion of 4.90 and no product. 
657
Entry 8: General Procedure B was followed running the reaction for 20 minutes instead 
of 45 minutes. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 39% conversion of 4.90 and the appearance of 4.93 
as the major product in 38% yield. 
Entry 9: General Procedure B was followed running the reaction for 2 hours at room 
temperature instead of 45 minutes at 90 °C. Analysis of the reaction product mixture 
using GC with n-dodecane as a calibrated internal standard revealed 0% conversion of 
4.90 and no product. 
Entry 10: General Procedure B was followed using PhCl (0.6 mL) instead of toluene as 
solvent. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 100% conversion of 4.90 and the appearance of 4.93 
as the major product in 75% yield. 
Entry 11: General Procedure B was followed using TBHP 4.123 (0.022 g) instead of 
DTBP 4.33 as oxidant. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 76% conversion of 4.90 and the 
appearance of 4.93 as the major product in 42% yield. 
4.5.2.10 Screening Reactions in Table 4.7 
Entry 1: General Procedure B was followed with no modifications. Analysis of the 
reaction product mixture using GC with n-dodecane as a calibrated internal standard 
revealed 100% conversion of 4.118 and the appearance of 4.93 as the major product in 
75% yield. 
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Entry 2: General Procedure B was followed with CuBr 4.2 removed from the reaction 
system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 1% conversion of 4.90 and no product. 
Entry 3: General Procedure B was followed with CuBr 4.2 removed from the reaction 
system and running the reaction at 130 °C rather than at 90 °C. Analysis of the reaction 
product mixture using GC with n-dodecane as a calibrated internal standard revealed 14% 
conversion of 4.90 and the appearance of 4.93 as the major product in 5% yield. 
Entry 4: General Procedure B was followed using Cu(OMe)2 4.124 (0.026 g, 1.0 equiv) 
as the additive instead of 4.2. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 17% conversion of 4.90 and the 
appearance of 4.93 as the major product in 15% yield. 
Entry 5: General Procedure B was followed with BHT 4.111 (0.091 g, 2.0 equiv) added 
to the reaction system. Analysis of the reaction product mixture using GC with n-
dodecane as a calibrated internal standard revealed 5% conversion of 4.90 and the 
appearance of 4.93 as the major product in trace amounts. 
Entry 6: General Procedure B was followed using Cu(OMe)2 4.124 (0.026 g, 1.0 equiv) 
as the additive instead of 4.2 and with BHT 4.111 (0.091 g, 2.0 equiv) added to the 
reaction system. Analysis of the reaction product mixture using GC with n-dodecane as a 
calibrated internal standard revealed 15% conversion of 4.90 and the appearance of 4.93 
as the major product in 7% yield. 
Entry 7: General Procedure B was followed using CuBr2 4.98 (1.0 equiv) instead of 
CuBr 4.2 as an additive, and DTBP 4.33 was removed. Analysis of the reaction product 
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mixture using GC with n-dodecane as a calibrated internal standard revealed 32% 
conversion of 4.90 and the appearance of 4.93 as the major product in 17% yield. 
Entry 8: A 4 mL microwave vial was charged with a magnetic stir bar, azaborine 4.118 
(0.035 g, 0.21 mmol), alcohol 4.92 (0.054 g, 0.29 mmol), and toluene (0.6 mL). The vial 
was sealed with a septum cap and transferred to a fume hood. A balloon of oxygen 
equipped with a needle was used to charge the atmosphere of the vial with oxygen 
immediately prior to heating. The reaction was allowed to stir at 90 °C for 45 minutes 
and then was cooled rapidly to room temperature under a stream of cold water. Analysis 
of the reaction product mixture using GC with n-dodecane as a calibrated internal 
standard revealed 99% conversion of 4.118 and the appearance of 4.93 as the major 
product in 28% yield. 
Entry 9: A 4 mL microwave vial was charged with a magnetic stir bar, azaborine 4.118 
(0.035 g, 0.21 mmol), and toluene (0.6 mL). The vial was sealed with a septum cap and 
transferred to a fume hood. A balloon of oxygen equipped with a needle was used to 
charge the atmosphere of the vial with oxygen immediately prior to heating. The reaction 
was allowed to stir at 90 °C for 45 minutes and then was cooled rapidly to room 
temperature under a stream of cold water. Analysis of the reaction product mixture using 
GC with n-dodecane as a calibrated internal standard revealed 98% conversion of 4.118. 
Entry 10: A 4 mL microwave vial was charged with a magnetic stir bar, azaborine 4.118 
(0.035 g, 0.21 mmol), alcohol 4.92 (0.054 g, 0.29 mmol), and toluene (0.6 mL). The vial 
was sealed with a septum cap and transferred to a fume hood. A balloon of oxygen 
equipped with a needle was used to charge the atmosphere of the vial with oxygen 
immediately prior to heating. The reaction was allowed to stir at RT for 2 hours. Analysis 
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of the reaction product mixture using GC with n-dodecane as a calibrated internal 
standard revealed 94% conversion of 4.118 and the appearance of 4.93 as the major 
product in 8% yield. 
Entry 11: A 4 mL microwave vial was charged with a magnetic stir bar, azaborine 4.118 
(0.035 g, 0.21 mmol), and toluene (0.6 mL). The vial was sealed with a septum cap and 
transferred to a fume hood. A balloon of oxygen equipped with a needle was used to 
charge the atmosphere of the vial with oxygen immediately prior to heating. The reaction 
was allowed to stir at RT for 2 hours. Analysis of the reaction product mixture using GC 
with n-dodecane as a calibrated internal standard revealed 94% conversion of 4.118. 
4.5.2.11 Preparation of Starting Materials for Figure 4.2 
Compound 4.127. 4.127 was synthesized as a clear oil from 4.112 
following a published protocol.2a Spectra of the isolated compound 
matched published values. 
Compound 4.128.  4.128 was synthesized as a clear oil from 4.112 
following a published protocol.2c Spectra of the isolated compound 
matched published values. 
Compound 4.129. 4.129 was synthesized as a clear oil from 4.112 
following a published protocol.2a Spectra of the isolated compound matched 
published values. 
Compound 4.131.  4.131 (1.37 g, 87%) was synthesized as a white 
solid from 4.112 (1.20 g, 5.27 mmol) and 4-bromoanisole (1.48 g, 
7.90 mmol). Inside a nitrogen atmosphere dry box, 4-bromoanisole 
was dissolved in 50 mL THF and added to 0.96g Mg turnings. The mixture was allowed 
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to stir for 2 hours at room temperature. During this time the reaction heated 
spontaneously and a mild reflux was observed along with a darkening of the solution to a 
light brown color. This solution of Grignard reagent was added at room temperature to 
4.112 in 20 mL THF over 10 minutes. Completion of the reaction was confirmed by 11B 
NMR and the solvent was removed under a stream of nitrogen. Pentane was added to 
dissolve the substrate and precipitate magnesium salts, and the mixture was transferred to 
a silica gel column. Chromatography using 95:5 pentane:ether as eluent was carried out 
directly on this suspension. 1H NMR (500 MHz, CD2Cl2): δ 7.62 (dd, 
3JHH = 11.0, 7.0 Hz, 
1H), 7.47 (d, 3JHH = 7.0 Hz, 1H), 7.34 (d, 
3JHH = 10.5 Hz, 2H), 6.91 (d, 
3JHH = 10.5 Hz, 
2H), 6.68 (d, 3JHH = 11.0 Hz, 1H), 6.45 (t, 
3JHH = 11.0 Hz, 1H), 3.84 (s, 3H), 0.94 (s, 9H), 
0.12 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 159.4, 143.3, 139.0, 137.7 (br), 134.0, 
133.1 (br), 113.0, 112.3, 55.5, 27.4, 19.5, -1.5; 11B NMR (160 MHz, CD2Cl2): δ 39.0; 
FTIR (thin film): ῦ = 3018, 2952, 2932, 2856, 2835, 1601, 1565, 1499, 1452, 1448, 1386, 
1364, 1269, 1229, 1179, 1157, 1094, 1032, 1018, 996, 955, 939, 841, 822, 812, 746, 711, 
689, 635, 622, 617, 539, 514; HRMS (DART) calcd for C17H27NOBSi [M+1]
+ 
300.19550, 300.19512 found. 
Compound 4.132. 4.132 (2.31 g, 78%) was synthesized as a yellow 
solid from 4.112 (2.00 g, 8.79 mmol) and 4-bromobenzotrifluoride 
(2.04 g, 9.05 mmol). 4-bromobenzotrifluoride was dissolved in 20 
mL ether and the reaction was chilled to –78 °C. n-Butyllithium (3.38 mL, 8.90 mmol, 
2.65 M solution in hexane) was added dropwise. The solution was allowed to stir at –78 
°C for 20 minutes and then allowed to warm to room temperature over 1 hour. 4.112 was 
dissolved in 15 mL ether and chilled to –78 °C. The orange solution of lithiate was added 
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dropwise. The reaction was allowed to stir at –78 °C for 20 minutes and then allowed to 
warm to room temperature over 1 hour. The solvent was removed under a stream of 
nitrogen and the resulting yellow solids were taken into a nitrogen atmosphere dry box. 
Pentane was added and the crude reaction mixture was purified by silica gel 
chromatography using 98:2 pentane:ether as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.65 
(dd, 3JHH = 11.0, 7.0 Hz, 1H), 7.57 (d, 
3JHH = 8.5 Hz, 2H), 7.53 (d, 
3JHH = 8.5 Hz, 2H), 
7.48 (d, 3JHH = 7.0 Hz, 1H), 6.63 (d, 
3JHH = 11.0 Hz, 1H), 6.51 (t, 
3JHH = 7.0 Hz, 1H), 0.94 
(s, 9H), 0.06 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 151.0 (br), 143.9, 139.0, 132.9, 
131.2 (br), 129.0 (q, 2JCF= 31.5 Hz), 123.8, 123.0 (q, 
1JCF= 271 Hz), 112.9, 27.2, 19.4, -
1.7; 11B NMR (96 MHz, CD2Cl2): δ 38.2; FTIR (thin film): ῦ = 3019, 2953, 2932, 2856, 
2835, 1601, 1565, 1499, 1455, 1438, 1408, 1386, 1362, 1269, 1229, 1179, 1151, 1094, 
1032, 1018, 996, 955, 939, 841, 822, 812, 785, 749, 713, 679, 631, 619, 565, 539, 511, 
468; HRMS (DART) calcd for C17H24NBF3Si [M+1]
+ 338.17232, 338.17390 found. 
Compound 4.133. 4.133 (3.0 g, 82%) was synthesized as a clear oil 
from 3-Br, N-TBS, B-Cl azaborine 4.1712b (3.0 g, 10. mmol) and 
benzylmagnesium chloride (11 mL, 15 mmol, 2 M in THF). Inside a 
nitrogen atmosphere dry box, 4.171 was dissolved in 20 mL ether. The Grignard reagent 
was added at room temperature over the course of 5 minutes and the reaction was judged 
to be complete by 11B NMR. The reaction was concentrated under reduced pressure and 
pentane was added to fully precipitate magnesium salts. The reaction was filtered through 
a fritted funnel and the filtrate was concentrated under reduced pressures. The crude 
material was purified by silica gel chromatography using 1:30 ether:pentane as eluent. 1H 
NMR (500 MHz, CD2Cl2): δ 7.92 (d, 
3JHH = 7.5 Hz, 1H), 7.50 (d, 
3JHH = 7.5 Hz, 1H), 
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7.29 (m, 2H), 7.18 (m, 3H), 6.34 (t, 3JHH = 7.5 Hz, 1H), 3.10 (s, 2H), 1.04 (s, 9H), 0.58 (s, 
6H); 13C NMR (125.8 MHz, CD2Cl2): δ 145.6, 141.9, 138.8, 134.1 (br), 131.1, 128.6, 
125.2, 112.0, 28.6 (br), 26.9, 19.6, -1.0; 11B NMR (160 MHz, CD2Cl2): δ 38.9; FTIR 
(thin film): ῦ = 3022, 2954, 2927, 2883, 2857, 1603, 1492, 1467, 1448, 1415, 1391, 1341, 
1262, 1243, 1202, 1178, 1157, 1120, 1098, 1069, 1031, 994, 938, 926, 906, 841, 826, 
806, 786, 759, 718, 705, 692, 664, 621, 587, 558, 486, 458, 431, 419; HRMS (DART) 
calcd for C17H26BNSiBr [M + 1]
+ 362.11109, 362.11064 found. 
Compound 4.135.  4.135 (0.51 g, 85%) was synthesized as a clear oil 
from 4.134 (0.67 g, 1.8 mmol) and n-propylzinc bromide (5.5 mL, 2.8 
mmol, 0.5 M in THF). 4.134, n-propylzinc bromide, and Pd[P(tBu)3]2 
(0.047 g, 0.092 mmol) were combined and the reaction was allowed to stir at room 
temperature for 16 hours. The reaction was then concentrated under reduced pressure and 
the crude material was purified by silica gel chromatography using 1:20 ether:pentane as 
eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.34 (m, 2H), 7.26 (m, 2H), 7.16 (m, 3H), 6.35 (t, 
3JHH = 7.5 Hz, 1H), 2.98 (s, 2H), 2.26 (t, 
3JHH = 8.0 Hz, 2H), 1.36 (sextet, 8.0 Hz, 2H), 
1.03 (s, 9H), 0.87 (t, 3JHH = 8.0 Hz, 3H), 0.58 (s, 6H); 
13C NMR (125.8 MHz, CD2Cl2): δ 
146.4 (br), 143.6, 136.5, 131.0, 128.7, 125.1, 111.7, 37.4, 28.0 (br), 27.2, 25.3, 19.8, 14.8, 
-0.6; 11B NMR (160 MHz, CD2Cl2): δ 40.1; FTIR (thin film): ῦ = 2954, 2928, 2857, 
1608, 1523, 1491, 1463, 1450, 1419, 1390, 1363, 1336, 1265, 1185, 1164, 1142, 1115, 
1093, 1056, 1029, 1005, 984, 937, 913, 896, 838, 820, 807, 783, 751, 716, 698, 628, 611, 
574, 501, 464; HRMS (DART) calcd for C20H33BNSi [M + 1]
+ 326.24753, 326.24883 
found. 
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Compound 4.137.  4.137 was synthesized as a clear oil from 4.112 
following a published protocol.2c Spectra of the isolated compound 
matched published values. 
4.5.2.12 Reactions in Figure 4.2 
Reaction of 4.115. General procedure C was followed with no 
modifications to grant 4.126 in 92% yield. A duplicate reaction 
gave 88% yield. The spectral values for 4.126 are reported here. 1H NMR (600 MHz, 
CD2Cl2): δ 7;47 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.03 (d, 
3JHH = 7.5 Hz, 1H), 6.21 (s, 
3JHH = 
11.0 Hz, 1H), 5.88 (t, 3JHH = 7.5 Hz, 1H), 3.90 (t, 
3JHH = 7.0 Hz, 2H), 1.64 (m, 2H), 1.38 
(m, 18H), 0.93 (m, 12H), 0.42 (s, 6H); 13C NMR (125 MHz, CD2Cl2): δ = 146.4, 138.7, 
117.9 (br), 107.5, 65.5, 32.6, 32.3, 30.4, 30.3, 30.2, 30.1, 30.0, 27.1, 27.0, 26.8, 23.4, 
19.2, 14.6, -2.7; 11B NMR (160 MHz, CD2Cl2): δ = 30.9; FTIR (ATR): ῦ = 2924, 2854, 
1608, 1509, 1454, 1406, 1287, 1249, 1157, 1119, 989, 840, 822, 810, 783, 732, 695, 419; 
HRMS (DART) calcd for C22H44BNOSi [M + H]
+ 378.54344, 378.33867 found. 
Reaction of 4.118. General procedure C was followed using 4.118 
(0.11 g, 0.66 mmol) instead of 4.115 to grant 4.93 in 67% yield. A 
duplicate reaction gave 64% yield. The spectral values for 4.93 are reported here. 1H 
NMR (500 MHz, CD2Cl2): δ 7.55 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.18 (br s, 1H), 7.06 (t, 
3JHH = 7.5 Hz, 1H), 6.29 (d, 
3JHH = 11.0 Hz, 1H), 5.92 (t, 
3JHH = 7.5 Hz, 1H), 3.96 (t, 
3JHH 
= 5.5 Hz, 2H), 1.68 (m, 2H), 1.38 (m, 18H), 0.93 (t, 3JHH = 5.5 Hz, 3H); 
13C NMR (125.8 
MHz, CD2Cl2): δ 146.5, 134.4, 119.0, 106.3, 65.5, 32.7, 32.5, 30.4, 30.3 (three peaks), 
30.2, 30.1, 26.6, 23.4, 14.6; 11B NMR (160 MHz, CD2Cl2): δ 29.0; FTIR (thin film): ῦ = 
3322, 2914, 2848, 1618, 1545, 1483, 1460, 1430, 1395, 1368, 1289, 1266, 1234, 1209, 
665
1158, 1091, 1063, 1023, 1001, 792, 732, 717, 683, 556; HRMS (DART) calcd for 
C13H18BN2O [M + 1]
+ 264.24987, 264.25089 found. 
Reaction of 4.119. General procedure C was followed using 4.119 (0.13 g, 0.66 mmol) 
instead of 4.115 to grant 4.93 in 62% yield. A duplicate reaction gave 60% yield. 
Reaction of 4.127. General procedure C was followed using 4.127 (0.17 g, 0.66 mmol) 
instead of 4.115 to grant 4.126 in 70% yield. A duplicate reaction gave 67% yield. 
Reaction of 4.90. General procedure C was followed using 4.90 (0.089 g, 0.66 mmol) 
instead of 4.115 to grant 4.93 in 60% yield. A duplicate reaction gave 58% yield. 
Reaction of 4.128. General procedure C was followed using 4.128 (0.14 g, 0.66 mmol) 
instead of 4.115 to grant 4.126 in 55% yield. A duplicate reaction gave 52% yield. 
Reaction of 4.129. General procedure C was followed using 4.129 (0.18 g, 0.66 mmol) 
instead of 4.115 to grant 4.126 in 50% yield. A duplicate reaction gave 47% yield. 
Reaction of 4.130. General procedure C was followed using 4.130 (0.10 g, 0.66 mmol) 
instead of 4.115 to grant 4.93 in 37% yield. A duplicate reaction gave 33% yield. 
Reaction of 4.131. General procedure C was followed using 4.131 (0.20 g, 0.66 mmol) 
instead of 4.115 to grant 4.126 in 40% yield. A duplicate reaction gave 34% yield. 
Reaction of 4.132. General procedure C was followed using 4.132 (0.22 g, 0.66 mmol) 
instead of 4.115 to grant 4.126 in 54% yield. A duplicate reaction gave 53% yield. 
Reaction of 4.133. General procedure C was followed using 4.133 
(0.24 g, 0.66 mmol) instead of 4.115 to grant 4.134 in 41% yield. A 
duplicate reaction gave 38% yield. . The spectral values for 4.134 
are reported here. 1H NMR (500 MHz, CD2Cl2): δ 7.72 (d, 
3JHH = 7.0 Hz, 1H), 7.04 (d, 
3JHH = 7.0 Hz, 1H), 5.76 (t, 
3JHH = 7.0 Hz, 1H), 4.39 (t, 
3JHH = 6.5 Hz, 2H), 1.71 (m, 2H), 
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1.30 (m, 18H), 0.92 (m, 12H), 0.40 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 149.6, 
138.8, 107.0, 66.6, 32.9, 32.7, 30.5, 30.4, 30.3, 30.2, 30.1, 27.2, 27.0, 26.5, 23.4, 19.3, 
14.6, -2.18 (B-C signal not observed); 11B NMR (160 MHz, CD2Cl2): δ 31.1; FTIR (thin 
film): ῦ = 2952, 2924, 2853, 1605, 1496, 1463, 1405, 1349, 1284, 1259, 1250, 1167, 
1125, 1065, 997, 936, 841, 822, 811, 784, 753, 712, 697, 679, 578, 542, 491, 471, 425, 
406; HRMS (DART) calcd for C22H44BBrNOSi [M + 1]
+ 456.24686, 456.24717 found. 
Reaction of 4.135. General procedure C was followed using 4.135 
(0.22 g, 0.66 mmol) instead of 4.115 to grant 4.136 in 58% yield. A 
duplicate reaction gave 48% yield. The spectral values for 4.136 are 
reported here. 1H NMR (500 MHz, CD2Cl2): δ 7.14 (d, 
3JHH = 7.5 Hz, 1H), 6.92 (d, 
3JHH = 
7.5 Hz, 1H), 5.81 (t, 3JHH = 7.5 Hz, 1H), 4.11 (t, 
3JHH = 7.0 Hz, 2H), 2.49 (t, 
3JHH = 7.5 
Hz, 2H), 1.71 (t, 3JHH = 7.5 Hz, 2H), 1.50 (sextet, 
3JHH = 7.0 Hz, 2H), 1.34 (m, 18H), 0.97 
(t, 3JHH = 7.5 Hz, 3H), 0.92 (m, 12H), 0.42 (s, 6H); 
13C NMR (125.8 MHz, CD2Cl2): δ 
145.2, 136.6, 134.8 (br), 106.8, 66.1, 38.9, 33.0, 32.7, 30.4, 30.3, 30.2, 30.1, 27.4, 27.2, 
27.1, 26.7, 26.5, 23.4, 19.4, 14.6, 14.5, -1.9; 11B NMR (160 MHz, CD2Cl2): δ 30.0; FTIR 
(thin film): ῦ = 2953, 2923, 2853, 1608, 1525, 1457, 1397, 1368, 1338, 1284, 1259, 1249, 
1220, 1201, 1116, 1079, 1005, 839, 822, 809, 782, 756, 722, 706, 574, 518, 502, 472, 
417; HRMS (DART) calcd for C25H51BNOSi [M + 1]
+ 420.38330, 420.38349 found. 
Reaction of 4.137. General procedure C was followed using 4.137 (0.13 g, 0.66 mmol) 
instead of 4.115 but no conversion was observed by NMR. 
4.5.2.13 Reactions in Scheme 4.23 
Compound 4.145.  4.145 (0.89 g, 88%) was synthesized as a white 
solid from 4.118 (0.53 g, 3.1 mmol), [Ir(cod)(OMe)]2 4.142 (0.033 g, 
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0.05 mmol), dtbpy 4.143 (0.027 g, 0.010 mmol), and B2(pin)2 4.144 (0.92 g, 3.6 mmol). 
Inside a nitrogen atmosphere dry box, a 20 mL scintillation vial was charged with these 
reagents and 1.5 mL MTBE. The reaction was allowed to stir at room temperature for 2 
hours. When the reaction was judged to be complete by 1H NMR, the solution was 
concentrated under reduced pressure to yield a brown oil. The crude material was purified 
by silica gel chromatography in the dry box using 10:1 pentane:ether 
as eluent. 1H NMR (600 MHz, CD2Cl2): δ 8.36 (br s, 1H), 7.71 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.40 (m, 2 H), 7.31 (m, 2H), 7.25 (t, 1H), 
7.00 (m, 2H), 2.86 (s, 2H), 1.44 (s, 12H); 13C NMR (150 MHz, CD2Cl2): δ 143.4, 143.1, 
137.8 (br), 134.8 (br), 129.4, 129.1, 125.0, 120.2, 85.4, 28.4 (br), 25.3; 11B NMR (192 
MHz, CD2Cl2): δ 35.7, 28.7; FTIR (thin film): ῦ = 2954, 2922, 2893, 2851, 1601, 1507, 
1455, 1416, 1391, 1358, 1265, 1245, 1231, 1175, 1145, 1124, 1048, 1014, 997, 984, 843, 
819, 791, 776, 760, 738, 695, 660, 650, 635, 576, 487; HRMS (DART) calcd for 
C17H24B2NO2 [M + 1]
+ 296.19931, 296.20059 found. 
Compound 4.147. 4.147 (0.28 g, 84%) was synthesized as a clear oil from 4.145 (0.50 g, 
1.7 mmol), Pd(dppf)Cl2 4.146 (0.037 g, 0.051 mmol), vinyl bromide 4.141 (6.8 mL, 6.8 
mmol, 1 M/ THF), and KOH (0.29 g, 5.1 mmol). A 20 mL unregulated pressure vessel 
was charged with these reagents, 6 mL MTBE, and 0.5 mL water. The reaction was 
allowed to stir at 80 °C for 45 minutes at which point it was judged complete by 1H 
NMR. The reaction was concentrated under reduced pressure and the crude material was 
purified by alumina gel chromatography using 1:5 ether:pentane as eluent. 1H NMR (600 
MHz, CD2Cl2): δ 7.80 (br s, 1H), 7.65 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.40 (m, 2H), 7.26 
(m, 3H), 6.79 (d, 3JHH = 11.0 Hz, 1H), 6.53 (dd, 
3JHH = 17.4, 11.4 Hz, 1H), 6.29 (d, 
3JHH = 
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7.5 Hz, 1H), 5.42 (d, 3JHH = 17.4 Hz, 1H), 5.31 (d, 
3JHH = 11.4 Hz, 1H), 2.86 (s, 2H); 
13C 
NMR (152 MHz, CD2Cl2): δ 143.9, 142.3, 140.7, 133.5, 130.1 (br), 128.8, 128.6, 124.5, 
112.8, 111.3, 27.5 (br); 11B NMR (160 MHz, CD2Cl2): δ 36.7; FTIR (thin film): ῦ = 3382, 
3079, 3058, 3020, 2876, 1598, 1580, 1540, 1491, 1441, 1397, 1295, 1261, 1230, 1201, 
1179, 1161, 1113, 1083, 1060, 1028, 980, 950, 899, 846, 829, 754, 716, 699, 584, 532, 
476, 463; HRMS (DART) calcd for C13H15BN [M + 1]
+ 196.12975, 196.13009 found. 
Compound 4.149.  4.149 (0.65 g, 89%) was synthesized as a clear oil 
from 4.147 (0.73 g, 3.7 mmol) and Pd/C (0.11 g, 30% cat. loading). A 
flask was charged with 4.147, Pd/C, and 60 mL ethyl acetate. 
Hydrogen from a balloon was bubbled through the reaction for five minutes and then the 
reaction was allowed to stir under 1 atm of hydrogen for 2 hours. The reaction was 
concentrated under reduced pressure and the crude material was purified by silica gel 
chromatography using 1:15 ether:pentane as eluent. 1H NMR (600 MHz, CD2Cl2): δ 7.55 
(dd, 3JHH = 11.0, 7.5 Hz, 1H), 7.24 (br s, 1H), 7.31 (t, 
3JHH = 7.8 Hz, 2H), 7.20 (m, 3H), 
6.51 (d, 3JHH = 11.0 Hz, 1H), 6.08 (d, 
3JHH = 7.5 Hz, 1H), 2.76 (s, 2H), 2.50 (q, 
3JHH = 7.8 
Hz, 2H), 1.89 (t, 3JHH = 7.8 Hz, 3H); 
13C NMR (150 MHz, CD2Cl2): δ 148.8, 144.8, 
143.3, 129.3, 129.1, 126.6 (br), 124.9, 29.4, 28.0, 13.2; 11B NMR (192 MHz, CD2Cl2): δ 
37.2; FTIR (thin film): ῦ = 3369, 3020, 2967, 2875, 1615, 1545, 1491, 1448, 1401, 1376, 
1346, 1320, 1260, 1244, 1223, 1201, 1179, 1160, 1118, 1087, 1060, 1028, 945, 905, 829, 
753, 728, 699, 589, 531, 493; HRMS (DART) calcd for C13H17BN [M + 1]
+ 198.14540, 
198.14602 found. 
Compound 4.150.  4.150 (0.60 g, 63%) was synthesized as a clear 
oil from 4.149 (0.65 g, 3.7 mmol) following the guidelines in 
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General Procedure B with respect to stoichiometry of reagents and workup procedure. A 
similar reaction performed using 0.10 g of 4.149 in toluene-d8 revealed a 93% yield of 
4.150 in the crude reaction. 1H NMR (500 MHz, CD2Cl2): δ 7.47 (dd, 
3JHH = 11.0, 7.5 Hz, 
1H), 6.79 (br s, 1H), 6.06 (d, 3JHH = 11.0 Hz, 1H), 5.74 (d, 
3JHH = 7.5 Hz, 1H), 3.93 (t, 
3JHH = 8.0 Hz, 2H), 2.46 (q, 
3JHH = 7.5 Hz, 2H), 1.65 (m, 2H), 1.35 (m, 18H), 1.21 (m, 
3H), 0.92 (t, 3JHH = 7.5 Hz, 3H); 
13C NMR (125.8 MHz, CD2Cl2): δ 149.3, 147.1, 115.1 
(br), 103.3, 65.5, 32.6, 32.5, 30.4, 30.3, 30.3, 30.2, 30.1, 29.8, 29.4, 26.6, 23.4, 14.6, 
13.3; 11B NMR (160 MHz, CD2Cl2): δ 28.9; FTIR (thin film): ῦ = 3404, 3315, 3029, 
2922, 2852, 1616, 1546, 1455, 1411, 1377, 1321, 1276, 1184, 1158, 1071, 1027, 953, 
834, 787, 748, 695, 567, 520; HRMS (DART) calcd for C18H35BNO [M + 1]
+ 292.28117, 
292.28271 found. 
Compound 4.140.  4.140 (0.12 g, 56%) was synthesized as a clear oil from 
4.150 (0.60 g, 2.1 mmol), LAH (0.047 g, 1.2 mmol) and decanoic acid (0.86 
g, 5.0 mmol). Inside a nitrogen atmosphere dry box, a flask was charged with 
a magnetic stir bar, 4.140, and 5 mL degassed dibutyl diglyme and the reaction was 
chilled to –30 °C in the dry box freezer. LAH was added in 5 mg portions to this reaction 
over the course of 2 hours. Following this period, decanoic acid was added at room 
temperature over the course of 1 hour. The reaction was allowed to stir at room 
temperature until the bubbling ceased, and then the volatile components were collected in 
a liquid nitrogen trap via vacuum transfer. This material was a mixture of desired product 
and dodecanol. The solution was dissolved in isopentane and the crude material was 
purified using silica gel chromatography using isopentane as eluent. 1H NMR (500 MHz, 
CD2Cl2): δ 8.20 (t, 
1JNH = 30.0 Hz, 1H), 7.62 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 6.69 (d, 
3JHH 
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= 11.0 Hz, 1H), 6.23 (d, 3JHH = 7.5 Hz, 1H), 4.82 (q, 
1JBH = 131.0 Hz, 1H), 2.60 (q, 
3JHH = 
8.0 Hz, 2H), 1.27 (t, 3JHH = 8.0 Hz, 3H); 
13C NMR (125.8 MHz, CD2Cl2): δ 149.4, 145.3, 
128.0 (br), 109.6, 29.5, 13.4; 11B NMR (160 MHz, CD2Cl2): δ 30.8 (d, 
1JBH = 131.0 Hz); 
FTIR (thin film): ῦ = 3369, 3022, 2970, 2933, 2875, 2519, 2453, 1610, 1542, 1445, 1401, 
1376, 1342, 1321, 1253, 1193, 1165, 1063, 1061, 1011, 933, 890, 851, 790, 714, 685, 
634, 578, 520, 452, 429; HRMS (DART) calcd for C6H11BN [M + 1]
+ 108.09845, 
108.09875 found. 
4.5.2.14 Reactions in Table 4.9 
Compound 4.152. 4.152 (0.12 g, 94%) was synthesized as a clear oil 
using the first half of General Procedure D with no modifications. A 
duplicate reaction gave 92% yield. 1H NMR (600 MHz, CD2Cl2): δ 7.51 
(dd, 3JHH = 11.0, 7.5 Hz, 1H), 7.32 (m, 2H), 7.24 (m, 3H), 7.18 (t, 
3JHH = 7.5 Hz, 1H), 
6.54 (d, 3JHH = 11.0 Hz, 1H), 6.30 (m, 1H), 3.94 (t, 
3JHH = 6.0 Hz, 2H), 3.79 (t, 
3JHH = 6.0 
Hz, 2H), 2.82 (s, 2H), 2.11 (s, 1H); 13C NMR (150 MHz, CD2Cl2): δ 143.6, 143.0, 139.8, 
130.8 (br), 129.6, 128.8, 124.8, 110.7, 64.0, 55.7, 27.6; 11B NMR (192 MHz, CD2Cl2): δ 
37.8; FTIR (thin film): ῦ = 3345, 3021, 2875, 1608, 1513, 1492, 1465, 1441, 1401, 1331, 
1259, 1219, 1192, 1152, 1136, 1116, 1057, 1000, 905, 867, 801, 778, 742, 700, 629, 577, 
543, 461; HRMS (DART) calcd for C13H17BNO [M + 1]
+ 214.14032, 214.14099 found. 
Compound 4.153. 4.153 (0.077 g, 85%) was synthesized as a clear oil 
using the second half of General Procedure D. A duplicate reaction gave 
76% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.48 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.15 (d, 
3JHH = 7.5 Hz, 1H), 6.10 (d, 
3JHH = 11.0 Hz, 1H), 5.95 (t, 
3JHH = 7.5 Hz, 1H), 4.41 (t, 
3JHH 
= 8.0 Hz, 2H), 3.98 (t, 3JHH = 8.0 Hz, 2H); 
13C NMR (125.8 MHz, CD2Cl2): δ 146.9, 
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134.8, 117.9 (br), 107.2, 67.0, 48.6; 11B NMR (160 MHz, CD2Cl2): δ 30.3; FTIR (thin 
film): ῦ = 2956, 2893, 1597, 1513, 1483, 1471, 1452, 1443, 1429, 1341, 1287, 1269, 
1249, 1219, 1165, 1138, 1085, 997, 981, 944, 843, 816, 729, 696, 679, 548, 502; HRMS 
(DART) calcd for C6H9BNO [M + 1]
+ 122.07772, 122.07762 found. 
Compound 4.155. 4.155 (0.10 g, 72%) was synthesized as a clear oil 
following the first half of General Procedure D using vinyl epoxide 
4.154 (0.046 g, 0.65 mmol) instead of ethylene oxide. A duplicate 
reaction gave 69% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.48 (dd, 
3JHH = 11.0, 7.5 Hz, 
1H), 7.27 (m, 3H), 7.19 (m, 2H), 7.13 (t, 3JHH = 8.0 Hz, 1H), 6.48 (d, 
3JHH = 11.0 Hz, 
1H), 6.25 (t, 3JHH = 7.5 Hz, 1H), 5.95 (dd, 
3JHH = 16.0, 10.5 Hz, 1H), 5.34 (d, 
3JHH = 16.0 
Hz, 1H), 5.24 (d, 3JHH = 10.5 Hz, 1H), 4.32 (m, 1H), 3.95 (d, 
3JHH = 13.5 Hz, 1H), 3.74 
(m, 1H), 2.81 (d, 3JHH = 15.5 Hz, 1H), 2.75 (d, 
3JHH = 15.5 Hz, 1H), 1.92 (s, 1H); 
13C 
NMR (125.8 MHz, CD2Cl2): δ 143.7, 143.0, 140.1, 138.4, 130.9 (br), 129.7, 128.8, 124.8, 
116.8, 110.5, 74.4, 59.2, 27.6 (br); 11B NMR (160 MHz, CD2Cl2): δ 37.2; FTIR (thin 
film): ῦ = 3394, 3077, 3022, 2874, 1609, 1514, 1492, 1465, 1440, 1402, 1339, 1257, 
1222, 1194, 1117, 1062, 1029, 990, 926, 853, 801, 741, 698, 629, 574, 462, 422; HRMS 
(DART) calcd for C15H17BNO [M + 1]
+ 238.14032, 238.13920 found. 
Compound 4.156. 4.156 (0.086 g, 78%) was synthesized as a clear oil 
using the second half of General Procedure D. A duplicate reaction gave 
75% yield. 1H NMR (600 MHz, CD2Cl2): δ 7.49 (m, 1H), 7.11 (d, 
3JHH = 7.5 Hz, 1H), 
6.12 (d, 3JHH = 11.0 Hz, 1H), 5.98 (m, 2H), 5.35 (m, 1H), 5.20 (m, 1H), 5.06 (m, 1H), 
4.13 (m, 1H), 3.69 (m, 1H); 13C NMR (150 MHz, CD2Cl2): δ 146.9, 139.0, 134.5, 116.3, 
116.1 (br), 107.4, 78.8, 53.9; 11B NMR (192 MHz, CD2Cl2): δ 30.2; FTIR (thin film): ῦ 
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=; 3070, 3035, 2987, 2931, 2876, 1598, 1511, 1469, 1455, 1443, 1429, 1342, 1320, 1281, 
1265, 1247, 1218, 1168, 1139, 1087, 985, 966, 926, 858, 729, 697, 681, 544; HRMS 
(DART) calcd for C8H11BNO [M + 1]
+ 148.09337, 148.09378 found. 
Compound 4.158. 4.158 (0.12 g, 83%) was synthesized as a clear oil 
following the first half of General Procedure D using dimethyl epoxide 
4.157 (0.047 g, 0.65 mmol) instead of ethylene oxide. A duplicate 
reaction gave 79% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.48 (dd, 
3JHH = 11.0, 7.5 Hz, 
1H), 7.34 (d, 3JHH = 7.5 Hz, 1H), 7.28 (m, 2H), 7.19 (d, 
3JHH = 8.0 Hz, 2H), 7.15 (t, 
3JHH = 
8.0 Hz, 1H), 6.47 (d, 3JHH = 11.0 Hz, 1H), 6.25 (t, 
3JHH = 7.5 Hz, 1H), 3.85 (s, 2H), 2.81 
(s, 2H), 1.28 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 144.0, 142.9, 140.7, 130.8 (br), 
129.7, 128.8, 124.7, 110.1, 72.0, 62.9, 28.3 (br), 28.1; 11B NMR (160 MHz, CD2Cl2): δ 
37.6; FTIR (thin film): ῦ = 3412, 3021, 2972, 2929, 1609, 1558, 1541, 1515, 1492, 1442, 
1402, 1385, 1362, 1341, 1256, 1211, 1194, 1181, 1129, 1064, 1028, 1016, 1001, 975, 
929, 905, 853, 801, 760, 738, 699, 632, 574, 548, 504; HRMS (DART) calcd for 
C15H21BNO [M + 1]
+ 242.17162, 242.17207 found. 
Compound 4.159. 4.159 (0.086 g, 78%) was synthesized as a clear oil 
using the second half of General Procedure D. A duplicate reaction gave 
75% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.46 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.09 (d, 
3JHH = 7.5 Hz, 1H), 6.08 (d, 
3JHH = 11.0 Hz, 1H), 5.93 (t, 
3JHH = 7.5 Hz, 1H), 3.72 (s, 2H), 
1.42 (s, 6H); 13C NMR (125.8 MHz, CD2Cl2): δ 146.6, 134.8, 116.0 (br), 107.1, 81.0, 
60.8, 29.7; 11B NMR (160 MHz, CD2Cl2): δ 29.8; FTIR (thin film): ῦ = 3034, 2970, 2928, 
2873, 1599, 1511, 1427, 1382, 1367, 1343, 1297, 1274, 1208, 1181, 1151, 1137, 1086, 
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981, 886, 851, 814, 775, 729, 698, 682, 614, 548, 491, 455; HRMS (DART) calcd for 
C8H13BNO [M + 1]
+ 150.10902, 150.10882 found. 
Compound 4.161. 4.161 (0.14 g, 82%) was synthesized as a clear oil 
following the first half of General Procedure D using phenyl epoxide 
4.160 (0.078 g, 0.65 mmol) instead of ethylene oxide. A duplicate 
reaction gave 77% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.52 (dd, 
3JHH = 11.0, 7.5 Hz, 
1H), 7.44 (m, 5H), 7.32 (m, 3H), 7.18 (m, 3H), 6.49 (d, 3JHH = 11.0 Hz, 1H), 6.29 (t, 
3JHH 
= 7.5 Hz, 1H), 4.90 (m, 1H), 4.08 (m, 1H), 3.96 (m, 1H), 2.77 (d, 3JHH = 15.0 Hz, 1H), 
2.71 (d, 3JHH = 15.0 Hz, 1H), 2.47 (br s, 1H); 
13C NMR (125.8 MHz, CD2Cl2): δ 143.7, 
143.1, 142.2, 140.1, 131.0 (br), 129.7, 129.2, 128.8, 128.7, 126.6, 124.8, 110.5, 75.7, 
61.1, 27.3 (br); 11B NMR (160 MHz, CD2Cl2): δ 37.4; FTIR (thin film): ῦ = 3402, 3060, 
3022, 2873, 1608, 1558, 1541, 1514, 1492, 1464, 1451, 1402, 1337, 1257, 1219, 1195, 
1137, 1115, 1087, 1060, 1026, 1001, 967, 912, 885, 853, 800, 753, 698, 626, 566, 535, 
507, 489, 470, 450; HRMS (DART) calcd for C19H21BNO [M + 1]
+ 290.17162, 
290.17170 found. 
Compound 4.162. 4.162 (0.12 g, 79%) was synthesized as a clear oil 
using the second half of General Procedure D. A duplicate reaction 
gave 78% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.62 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.45 
(m, 4H), 7.38 (m, 1H), 7.16 (d, 3JHH = 7.5 Hz, 1H), 6.30 (d, 
3JHH = 11.0 Hz, 1H), 6.06 (t, 
3JHH = 7.5 Hz, 1H), 5.69 (t, 
3JHH = 8.0 Hz, 1H), 4.38 (dd, 
3JHH = 10.5, 8.0 Hz, 1H), 3.87 
(dd, 3JHH = 10.5, 8.0 Hz, 1H); 
13C NMR (125.8 MHz, CD2Cl2): δ 147.2, 143.3, 134.6, 
129.1, 128.4, 126.0, 116.0 (br), 107.6, 79.6, 56.4; 11B NMR (160 MHz, CD2Cl2): δ 30.7; 
FTIR (thin film): ῦ = 3088, 3067, 3026, 2954, 2938, 2877, 1596, 1510, 1492, 1467, 1459, 
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1442, 1427, 1363, 1340, 1323, 1307, 1287, 1267, 1246, 1220, 1169, 1156, 1145, 1094, 
1079, 1028, 989, 977, 938, 912, 852, 826, 764, 741, 697, 681, 604, 542, 526, 498, 442; 
HRMS (DART) calcd for C12H13BNO [M + 1]
+ 198.10902, 198.10934 found. 
Compound 4.164.  4.164 (0.18 g, 96%) was synthesized as a clear oil 
following the first half of General Procedure D using phenoxy 
epoxide 4.163 (0.098 g, 0.65 mmol) instead of ethylene oxide. A 
duplicate reaction gave 94% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.53 (dd, 
3JHH = 11.0, 
7.5 Hz, 1H), 7.37 (m, 2H), 7.30 (m, 3H), 7.22 (m, 2H), 7.17 (m, 1H), 7.06 (t, 3JHH = 8.0 
Hz, 1H), 6.99 (m, 2H), 6.55 (d, 3JHH = 11.0 Hz, 1H), 6.30 (t, 
3JHH = 7.5 Hz, 1H), 4.17 (m, 
2H), 4.04 (m, 1H), 3.96 (m, 2H), 2.84 (d, 3JHH = 15.0 Hz, 1H), 2.81 (d, 
3JHH = 15.0 Hz, 
1H), 2.59 (br s, 1H); 13C NMR (125.8 MHz, CD2Cl2): δ 159.0, 143.6, 143.1, 140.0, 131.1 
(br), 130.2, 129.7, 128.8, 124.8, 121.9, 115.1, 110.8, 71.8, 69.8, 56.2, 27.3 (br); 11B NMR 
(160 MHz, CD2Cl2): δ 37.7; FTIR (thin film): ῦ = 3409, 3060, 3023, 2922, 2872, 1609, 
1598, 1587, 1558, 1541, 1515, 1492, 1455, 1402, 1338, 1290, 1238, 1171, 1153, 1137, 
1101, 1077, 1039, 1005, 967, 923, 881, 851, 811, 749, 690, 631, 574, 545, 507, 457. 
Compound 4.165.  4.165 (0.15 g, 85%) was synthesized as a clear oil 
using the second half of General Procedure D. A duplicate reaction 
gave 83% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.56 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.34 
(m, 2H), 7.17 (d, 3JHH = 7.5 Hz, 1H), 7.02 (t, 
3JHH = 7.5 Hz, 1H), 6.97 (d, 
3JHH = 7.5 hz, 
2H), 6.21 (d, 3JHH = 11.0 Hz, 1H), 6.04 (t, 
3JHH = 7.5 Hz, 1H), 5.00 (m, 1H), 4.16 (m, 
2H), 4.08 (dd, 3JHH = 10.0, 6.0 Hz, 1H), 3.95 (dd, 
3JHH = 10.0, 6.0 Hz, 1H); 
13C NMR 
(125.8 MHz, CD2Cl2): δ 159.3, 147.0, 134.7, 130.0, 121.6, 115.9 (br), 115.1, 107.6, 76.3, 
70.8, 51.0; 11B NMR (160 MHz, CD2Cl2): δ 30.3; FTIR (thin film): ῦ = 3067, 3036, 2941, 
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2884, 1596, 1583, 1512, 1495, 1449, 1433, 1349, 1304, 1289, 1241, 1219, 1167, 1140, 
1123, 1080, 1050, 1006, 985, 965, 919, 886, 872, 845, 826, 811, 758, 723, 688, 674, 611, 
589, 550, 534, 507, 466, 417; HRMS (DART) calcd for C13H15BNO2 [M + 1]
+ 
228.11958, 228.11879 found. 
Compound 4.167.  4.167 (0.067 g, 42%) was synthesized as a clear oil 
following the first half of General Procedure D using cyclohexane oxide 
4.166 (0.064 g, 0.65 mmol) instead of ethylene oxide. A duplicate reaction 
gave 38% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.46 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.32 
(d, 3JHH = 7.5 Hz, 1H), 7.26 (m, 2H), 7.18 (m, 2H), 7.13 (t, 
3JHH = 8.0 Hz, 1H), 6.50 (d, 
3JHH = 11.0 Hz, 1H), 6.34 (t, 
3JHH = 7.5 Hz, 1H), 3.90 (m, 1H), 3.78 (m, 1H), 2.85 (d, 
3JHH 
= 15.0 Hz, 1H), 2.77 (d, 3JHH = 15.0 Hz, 1H), 2.14 (br s, 1H), 1.73 (m, 6H), 1.38 (m, 2H); 
13C NMR (125.8 MHz, CD2Cl2): δ 144.0, 142.6, 133.6, 131.5 (br), 129.8, 128.8, 124.7, 
111.6, 72.9, 65.1, 34.9, 33.6, 27.9 (br), 26.1, 25.1; 11B NMR (160 MHz, CD2Cl2): δ 37.8; 
FTIR (thin film): ῦ = 3410, 3021, 2930, 2857, 1607, 1515, 1492, 1453, 1405, 1353, 1333, 
1263, 1238, 1189, 1166, 1105, 1063, 1009, 954, 902, 874, 849, 832, 801, 780, 760, 742, 
717, 698, 629, 573, 556, 543, 500, 460; HRMS (DART) calcd for C17H23BNO [M + 1]
+ 
268.18727, 268.18815 found. 
Compound 4.168. 4.168 (0.038 g, 29%) was synthesized as a clear oil 
using the second half of General Procedure D. A duplicate reaction gave 
23% yield. 1H NMR (500 MHz, CD2Cl2): δ 7.55 (dd, 
3JHH = 11.0, 7.5 Hz, 1H), 7.16 (d, 
3JHH = 7.5 Hz, 1H), 6.14 (d, 
3JHH = 11.0 Hz, 1H), 5.98 (t, 
3JHH = 7.5 Hz, 1H), 3.76 (td, 
3JHH = 11.5, 3.5 Hz, 1H), 3.41 (td, 
3JHH = 11.5, 3.5 Hz, 1H), 2.39 (m, 1H), 2.21 (m, 1H), 
1.90 (m, 2H), 1.68 (qd, 3JHH = 11.5, 3.5 Hz, 1H), 1.43 (m, 3H); 
13C NMR (125.8 MHz, 
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CD2Cl2): δ 147.2, 132.4, 106.8, 86.0, 65.4, 31.7, 28.4, 25.1, 24.8 (B-C signal not shown); 
11B NMR (160 MHz, CD2Cl2): δ 31.1; FTIR (thin film): ῦ = 3066, 2936, 2859, 1588, 
1504, 1441, 1422, 1384, 1359, 1323, 1303, 1267, 1245, 1222, 1206, 1172, 1124, 1108, 
1089, 1071, 1045, 1023, 982, 947, 933, 906, 868, 832, 817, 794, 763, 731, 705, 688, 622, 
596, 549, 508, 488, 468, 446; HRMS (DART) calcd for C10H15BNO [M + 1]
+ 176.12467, 
176.12395 found. 
4.5.2.15 Reactions in Scheme 4.23 
Compound 4.169.  4.169 (0.030 g, 61%) was synthesized as a 
crystalline white solid from 4.162 (0.050 g, 0.25 mmol) and Pd/C (25 
mol %). Inside a nitrogen atmosphere dry box a flask was charged with a magnetic stir 
bar, 4.169, Pd/C, and 1 mL toluene. The reaction was heated at reflux for 12 hours after 
which point it was judged to be 50% complete by 11B NMR. The reaction was run at 
reflux for another 12 hours and then concentrated under reduced pressure. The crude 
material was purified by silica gel chromatography using 1:10 ether:pentane as eluent. 1H 
NMR (500 MHz, CD2Cl2): δ 7.76 (m, 4H), 7.54 (s, 1H), 7.41 (t, 
3JHH = 7.5 Hz, 2H), 7.31 
(m, 1H), 6.74 (d, 3JHH = 11.0 Hz, 1H), 6.44 (t, 
3JHH = 7.5 Hz, 1H); 
13C NMR (125.8 MHz, 
CD2Cl2): δ 147.7, 143.7, 131.8, 129.5, 129.3, 128.4, 124.5, 115.6 (br), 111.5, 110.6; 
11B 
NMR (160 MHz, CD2Cl2): δ 27.9; FTIR (thin film): ῦ = 3022, 2962, 1564, 1481, 1449, 
1427, 1402, 1361, 1258, 1206, 1181, 1152, 1071, 1042, 1020, 913, 898, 863, 803, 769, 
747, 720, 691, 676, 657, 609, 585, 559, 525, 487, 465; HRMS (DART) calcd for 
C12H11BNO [M + 1]
+ 196.09337, 196.09292 found. 
Compound 4.170. 4.170 (0.032 g, 30% yield) was synthesized as a clear 
oil from 4.156 (0.11 g, 0.72 mmol) and Pd/C (25 mol %). Inside a 
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nitrogen atmosphere dry box a round bottom flask was charged with 4.156, Pd/C and 1.5 
mL toluene. The reaction was heated at reflux for 36 hours. The reaction was 
concentrated under reduced pressure, and the crude material was purified by silica gel 
chromatography using 1:10 ether:pentane as eluent. 1H NMR (500 MHz, CD2Cl2): δ 7.64 
(m, 2H), 6.87 (s, 1H), 6.59 (d, 3JHH = 11.0 Hz, 1H), 6.35 (t, 
3JHH = 7.0 Hz, 1H), 2.63 (q, 
3JHH = 7.5 Hz, 2H), 1.25 (t, 
3JHH = 7.5 Hz, 3H); 
13C NMR (125.8 MHz, CD2Cl2): δ 152.2, 
143.0, 129.6, 115.0 (br), 110.7, 109.6, 22.3, 11.9; 11B NMR (160 MHz, CD2Cl2): δ 27.7; 
FTIR (thin film): ῦ = 3115, 3072, 3042, 2972, 2937, 2848, 1735, 1628, 1591, 1505, 1442, 
1427, 1359, 1346, 1334, 1312, 1254, 1230, 1176, 1145, 1110, 1054, 1021, 971, 912, 862, 
821, 794, 767, 729, 714, 695, 664, 633, 613, 601, 563, 527, 449; HRMS (DART) calcd 
for C8H11BNO [M + 1]
+ 148.09424, 148.09126 found. 
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